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FOREWORD 


Since 1958 the Maritime Administration has continuously conducted instructions in use of collision avoidance radar for 
qualified U.S. seafaring personnel and representatives of interested Federal and State Agencies. 

Beginning in 1963, to facilitate the expansion of training capabilities and at the same time to provide the most modern 
techniques in training methods, radar simulators were installed in Maritime Administration’s three region schools. 

It soon became apparent that to properly instruct the trainees, even with the advanced equipment, a standardized 
up-to-date instruction manual was needed. The first manual was later revised to serve both as a classroom textbook and 
as an onboard reference handbook. 


This newly updated manual, the fourth revision, in keeping with Maritime Administration policy, has been restructured 
to include improved and more effective methods of plotting techniques for use in Ocean, Great Lakes, Coastwise and 
Inland Waters navigation. 



ROBERT J. BLACKWELL 
Assistant Secretary 
for Maritime Affairs 
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CHAPTER ONE 


A SHORT HISTORY OF RADAR 


1-1. Radar, the radiation device which can be used for 
detection and ranging of contacts independent of time 
and weather conditions, was undoubtedly one of the 
greatest scientific developments that emerged from 
World War II. Its development, like that of most great 
inventions, was mothered by necessity. In its particular 
case, the invention of radar was slow; however, it was 
stimulated principally by the need to counter the 
offensive air and seaborne vessels that made their 
appearance out of the axis-power countries at the time. 

1-2. Behind the development of radar (the name is 
derived from the phrase Radio Detection and Ranging) 
lay more than fifty years of radio development. Mr. 
Heinrich Rudolph Hertz discovered electromagnetic 
waves between 1886 and 1888. He also showed that 
light waves and electromagnetic waves are identical. A 
few early experiments in that field led to some conclu¬ 
sions that radio waves could be reflected by objects and, 
accordingly, might be used to detect objects in fog and 
darkness. In 1904, a German engineer, Mr. Christian 
Hulsmeyer, was granted a patent in several countries on 
a proposed way of using the property of radio waves as 
an “obstacle detector and navigational aid” for ships. In 
1922, Mr. Guglielmo Marconi strongly urged the use of 
short waves for radio detection. 

1-3. One of the first observations of radio echoes was 
made in the United States in 1922 by Dr. Albert H. 
Taylor of the Naval Research Laboratory. Dr. Taylor 
observed that a ship passing between a radio transmitter 
and receiver reflected some of the waves back toward 
the transmitter. By 1930, further tests proved the 
military value of this principle for the detection of 
surface vessels which were hidden by smoke or darkness. 
Further developments were conducted with carefully 
guarded secrecy. During this same period, Dr. Gregory 
Breit and Dr. Merle Anthony Tuve of the Carnegie 
Institute at Washington published a report concerning 
their investigations of the ionosphere in which they first 
employed the principle of pulse ranging for measuring 
the height of the ionosphere. It is this principle which 
characterized modern radar. After the successful experi¬ 
ments of Drs. Breit and Tuve, the radio-pulse echo 
technique became the established method of ionospheric 
investigation in all countries. In retrospect, the step from 
this technique to the idea of employing it for the 
detection of aircraft and ships is not a great one. The 
application was evolved by various individuals acting 
independently and almost simultaneously in America, 
England, France, and Germany about ten years after the 
original work by Drs. Breit and Tuve. 

1-4. British radar was developed at about the same time 
but its application proceeded at a somewhat faster rate 


because of the pressure of war. The first experimental 
radar system of the type suggested by Sir Robert 
Watson-Watt was set up in the spring of 1935 on a small 
island off the coast of England. Development work 
during the summer led to the blocking out of the main 
features of the British early-warning stations by fall. 
Work began in 1936 toward setting up five stations 
about twenty-five miles apart to protect the Thames 
estuary. By March 1938, all these stations, the nucleus 
of the final chain, were complete and in operation. 

1-5. British radar development then turned its maxi¬ 
mum efforts to airborne equipment. Two types were 
first envisioned; a set for the detection of surface vessels 
by patrol aircraft, to be known as “ASV equipment,” 
and an equipment for enabling night fighters to home on 
enemy aircraft, to be known as “AI” (aircraft intercep¬ 
tion). The first work was done on the ASV equipment 
and a successful demonstration made during fleet 
maneuvers in September 1938. Working models of the 
AI equipment were completed by June 1939 and 
successful demonstrations were made to the RAF 
Fighter Command in August. Four of these sets were 
installed and operating when the war broke out in 
September. 

1-6. Emphasis on airborne radar brought out clearly 
that if sharp radar beams were to be produced by 
antennas small enough to be carried on aircraft, wave¬ 
lengths shorter than the IV 2 meters used in the early 
British airborne equipment would have to be employed. 
This naturally led to the effort of developing a generator 
of microwaves which could give pulse power adequate 
for radar use. By early 1940, a British version of the 
multicavity magnetron had been developed to the point 
where it was an entirely practicable source of pulsed 
microwave energy. 

1-7. In the fall of 1940, an early model of this 
magnetron, operating on ten centimeters, was brought to 
the United States for examination. The first American 
test of its power capabilities was made in October at the 
Bell Telphone Laboratories. This test confirmed British 
information and demonstrated that a generator now 
existed which was capable of supplying several times the 
power of the conventional triodes then in use and at a 
frequency four times greater. This point significantly 
marks the beginning of modern radar. The rapid progress 
of radar thereafter was greatly affected by the free 
interchanges of information which existed between the 
Americans and the British during World War II. 

1-8. At first, radar was envisioned as a defensive 
weapon; but, as the war progressed, it came to be used 
for offensive purposes too. By the end of May 1941, 




radar had been employed to track aircraft automatically 
in azimuth and elevation and later to track the target 
automatically in range. This was the prototype of the 
antiaircraft position finder. The equipment for this 
purpose later became known as the SCR-584 and the 
SCR-545. 

1-9. Further advancement in the field of airborne radar 
permitted the development of sets that could be 
employed for long range navigation through overcast 
skies and the carrying out of strategic bombing missions 
in all kinds of weather. The technique of radar bombing 
was developed which permitted the bombardier to hit 


his target even though it was not visible to him. These 
developments gave the Air Force the ability to perform 
its job on an around-the-clock basis in all kinds of 
weather. 

1-10. Radar, both airborne and ground, has made a 
lasting impression on military tactics and forms an 
important role in the defense scheme of most nations. 
Commercially, radar is now used extensively in marine 
and aerial navigation. Specifically within these fields, it 
is used for positioning vessels and for collision avoid¬ 
ance. 
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CHAPTER TWO 


THE LEGALITIES OF RADAR USE 

The new “U.S. Coast Guard Navigation Rules International - Inland CG-169 May 1, 1977,” entered into force on July 
15, 1977. Use of ships radar was significantly clarified and given the full force of federal law. Since these new RULES 
are now required, mariners are encouraged to become thoroughly familiar with them. The following quotations from 
court decisions are presented only for historical background. 


2-1. A Collision at Sea Can Ruin Your Entire Day. 
The above statement on collisions is often said to 
have been left to us by the Greek historian Thucydides 
who lived about 455-400 B.C. While we are unable to 
substantiate its authenticity, we do feel that the stark 
validity of its message still rings through to unfortunate 
mariners and so we have included it in this manual. 
Ironically, even with modern aids to navigation, colli¬ 
sions continue. In spite of the availability of case studies, 
experts’ analyses and reams of legal literature dealing 
with collisions, especially radar assisted collision, the 
lessons they should have taught have basically failed to 
halt this upward surge. The particular conditions neces¬ 
sary for a radar assisted collision have been met, time 
after time, on ship after ship, by mariners who staunchly 
maintained that it could never happen to them. Testi¬ 
mony taken from recent collision cases contain almost 
identical echoes of testimony taken from mariners 
involved in the earliest of radar assisted collisions: 
“There was no time to plot!” — “He turned into me!” — 
“It wasn’t my fault!” — “I lost him in the sea return.” 

2-2. As a licensed deck officer, you should be a 
competent radar observer. The responsibility you will 
have for the safe navigation of your vessels makes this 
imperative. Faster, sophisticated, and potentially more 
dangerous ships (such as LNG carriers) leave even less 
room for errors than hitherto. Accordingly, you must 
obtain maximum performance from your equipment. As 
Admiral W. J. Smith, then Commandant of the U.S. 
Coast Guard said in 1967 after the collision between the 
Arizona and the Meiko Maru, in which 18 lives were lost, 
“The mariner who fails to properly utilize radar can 
expect to be held accountable for this failure in the same 
manner as for any other neglect or disregard of the 
requirements of good seamanship.” 

2-3. This proper utilization calls for plotting contacts 
analyzing the information and taking prompt, early, and 
substantial action in accordance with the “U.S. Coast 
Guard Navigation Rules International — Inland CG-169 
May 1, 1977.” 

2.4 The purpose of this chapter, then, is to give you 
some idea of the legal interpretations developed in the 
court rooms over the past quarter century. After all, the 
judge’s gavel could be the ultimate instrument for 
ringing out your competency or incompetency, 
by deck officers, including master and pilots, who 
qualified as “radar observers.” Therefore, every appli¬ 
cant for a deck officer’s license (original, up grade or 


increase in scope) including master and pilot, which 
authorizes service on such a vessel must qualify as a 
radar observer. A deck officer who has qualified as a 
“radar observer” may renew an existing license without 
the radar observers endorsement. The absence of such 
radar observers endorsement will preclude service aboard 
vessels, as defined in 46 CFR 157.20-32. 

2-5. The U.S. Coast Guard manning regulation con¬ 
tained in Title 46 Code of Federal Regulation Section 
157.20-32 requires “every radar equipped vessel of 300 
gross tons and over which is issued a certificate of 
inspection for navigation on any waters,” to be manned 

2-6. To meet this requirement you must show that you 
know how radar works, the factors that affect its 
performance and accuracy, what and how each of the 
main components of radar contributes to its operation, 
the purpose of the several controls and how to adjust 
them, how to detect malfunctioning, false and indirect 
echoes, the effect of sea return, etc. Even more 
important, you must show that you know how to 
ascertain the range and bearing of a target, how to form 
a reasonable judgment as to its size and composition, 
how to determine its course, speed and especially the 
closest point of approach (CPA), how to detect changes 
in its course and speed, how to plot all these things and 
what factors to consider in deciding whether to change 
your own course or speed. The final utilization of this 
information is critical. You must get the desired results 
you are seeking while navigating your vessel within the 
scope of the rules of the road, and while performing all 
of the duties of your watch in a seamanlike manner. 

2-7. RADAR UTILIZATION 

2-8. Use of radar is required by RULE 5 of the Navi¬ 
gation Rules of May 1, 1977, under “PART B Section 
I-Conduct of Vessels in any Condition of Visibility,” 
which obligates the mariner to use “. . . all available 
means appropriate. . .” One must surely use radar when 
visibility is restricted. If anything is certain in the law 
concerning radar it is that: 

“If a vessel carries properly functioning radar 
equipment and she is in or approaching an area of 
known poor visibility, there is an affirmative duty 
to use the radar.” 

Afran Transport Co. v. The Bergechief 274 F.2d469, 
474 (2 Cir. 1960). 
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2-9. Moreover, under this case, if a vessel has radar but 
fails to use it under circumstances in which a Court 
(with all the advantages of hindsight) thinks it should 
have been used, she may have the burden of proving her 
failure to use it did not contribute to the collision. The 
Court in that case said: 

“A master has no more discretion to disregard this 
aid to navigation than he has to disregard the use 
of charts, current tables and soundings where the 
circumstances require the use thereof. *** the 
Vessel that fails to use her radar has the burden of 
establishing that her failure to use radar did not 
contribute to the collision.” 

2-10. When, in the Bergechief case, the Court equated 
the requirement that radar be used, no less so than 
charts, current tables and soundings, it gave a clear signal 
that, in the future, Courts would hold, when squarely 
faced with the question, that the officer in charge of 
maintaining the radar is culpably negligent if the 
equipment is inoperable by reason of any failure to 
make such repairs as can be made on board at sea. 
Coast Guard regulations (46 C.F.R. 10.05-46 (b)(l)(i)) 
require that applicants for licenses or upgrading know 
“How radar works,” the “purpose and functions of the 
main components” and the “detection of malfunction¬ 
ing, false and indirect echoes and other radar phenome¬ 
non”. 

2-11 WEATHER CONSIDERATIONS 

2-12. Use of radar in all weathers is required by RULE 
5 of the Navigation Rules of May 1,1977, under “PART 
B Section I-Conduct of Vessels in any Condition of Visi¬ 
bility,” which obligates the mariner to use “. . .all avail¬ 
able means appropriate. . .” Radar is not for use in fog 
or otherwise restricted visibility only. Some courts have 
held that it must be employed whenever it can be use¬ 
ful in ascertaining or solving a potential collision situa¬ 
tion, even in clear weather. 

2-13. Where a fog bank is observed ahead it will not do 
to wait until you enter the fog to use your radar. There 
may be a vessel just inside, the presence of which you 
could detect if you resorted to radar before actually 
entering the fog. Under these circumstances radar must 
be used before you enter the area of restricted visibility. 
The Medford , 65 F. Supp. 622, 1946 A.M.C. (E.D.N.Y. 
1946). 

2-14. On at least two occasions, vessels proceeding in 
the Gulf of Mexico, in the area where oil well platforms 
have sprung up in considerable number, have been held 
at fault for failing to use radar in clear weather. The 
rationale appears to be that the drilling platforms are 
relatively small and sometimes inadequately lighted but 
are reasonably good radar targets, and the safest proce¬ 
dure is to use radar to detect them when navigating in 


that area. Continental Oil Company v. M. S. Glenville, 
210 F. Supp. 865 (S.D. Tex. 1962); Placid Oil Company 
v. S. S. Willowpool, 214 F. Supp. 449 (E.D. Tex. 1963). 

2-15. THE RADAR PLOT 


2-16. Plotting is required by RULE 19 (d) of the Navi¬ 
gation Rules of May 1,1977 which obligates the mariner 
to “. . .determine if a close quarters situation is develop¬ 
ing and/or risk of collision exists.” Courts have inter¬ 
preted that you must plot in order to completely under¬ 
stand the situation. The Bergechief Burgan case illus¬ 
trates this point. The Burgan was light and outbound 
from Portland, Me. The Bergechief was inbound, loaded. 
The fog was thick, visibility zero. When the Berge¬ 
chief had the Light Vessel about 1/2 mile away bearing 
035°T. she concluded that the Burgan was at anchor 
or inbound and awaiting a pilot so, at 0822, she turned 
off her radar. In considering whether this was error, 
the Court dealt with plotting as follows: 

“Even without plotting a competent radar opera¬ 
tor could get a general indication of the course and 
speed of another vessel after three minutes of 
observation. It is clear that continuous observation 
from 8:22, when the Bergechief’s radar was turned 
off, would have revealed that the Burgan was 
approaching on a collision course, as her bearing 
and the distance separating the vessels would have 
been shown at all times.” 

2-17. Now comes the real thrust. The Court in this case 
further said: 

“It is likely that there was time for plotting, and 
this would have revealed the exact speed and 
course of the Burgan. We cannot be sure of this. 
Although her speed was diminishing, the estimate 
of five knots could not have been much out of the 
way; and it would seem to be a good general rule 
that if a radar pip shows another vessel nearby and 
forward on your starboard bow, you should stop 
and make the time for a plot.” 

2-18. INTERPRETATION OF THE PLOT 


2-19. Correct interpretations are required by RULE 7 (c) 
of the Navigation Rules of May 1, 1977, which states, 
“Assumptions shall not be made on the basis of scanty 
information, especially scanty radar information.” Fail¬ 
ure to interpret correctly what your radar shows, 
or can be made to show, is held by the Courts to 
be culpable negligence. The Southport (1949) 82 LI. 
L. R. 862; The Meteor , 121 F. Supp. 830 (E. D. Mich. 
1954); The Chinook-Dagmar Salen (Sup. Ct. Canada) 
1951 A.M.C. 1253; The Anna Salen (1954) 1 LI. Rep. 
475 (Adm. Div.). 

2-20. In The Chinook case, the Court stated: 

“If radar is to furnish a new sight through fog, 
then the report which it brings must be interpreted 
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by active and constant intelligence on the part of 
the operator.” 

2-21. In the Francisville-Luckenbach collision case, the 
Court said: 

“Perhaps the most significant fault *** was her 
ignorant disregard of the radar information she 
had for almost 15 minutes before the collision. 

*** the navigating officer and the pilot *** did 
not use her radar intelligently or with anything 
like what good seamanship required; and that as a* 
result of the misinterpretation and incompetent 
use she blindly changed her headings and barged 
ahead on a collision course. *** those on the 

2-22. CONSIDERATION IN RADAR 
DETERMINATIONS 

2-23. Under prior differing rules, Great Britain’s highest 
court could see no reason why the position of another 
vessel could not be “ascertained” by radar if properly 
used. In The Prins Alexander (1955) 2 LI. Rep. 1, that 
Court said: 

“Tnere are obviously possibilities of error in the 
use of the PPI. There should be, we are advised, in 
circumstances such as the present, continuous 
observation by one man and plotting of bearings if 
reliable inferences are to be drawn. Art. 16 stands, 
and it is to be noted that the new Rule which has 
now replaced it is in substantially the same terms. 

It may be that proper observations on a PPI can 
“ascertain” the position of a vessel in the sense 
explained by Lord Macmillan. They clearly did not 
do so in this case so far as the N. O. Rogenaes is 
concerned.” (p. 8). 

2-24. Under prior differing rules an American court 
which found each vessel “remained almost continuously 
cognizant, by radar, of the other’s position and bearing” 
could “see no reason why its (Rule 16’s) application 
should not extend to a situation in which two vessels 
‘see’ each other by radar.” Weyerhaeuser Steamship 
Company v. United States, 174 F. Supp. 663 (N.D. Cal. 
1959); rev’d. 294 F.2d 179 (9Cir.); reinstated 372 U.S. 
597. 

2-25. In 1969, a vessel proceeding up the Columbia 
River met a tug and tow outbound in patchy fog and did 
not stop her engines on hearing the tug’s fog signal. 
Radar observation had indicated that the vessels would 
pass port to port but failed to disclose that the tug 
changed course across the ship’s bow when very close. 
Upon visual sighting, it was too late to avoid collision. 
The ship was not held at fault although she did not stop 
engines. The Court concluded that the position of the 
tug and tow had been “ascertained.” The Court said: 
“There is no doubt in my mind but that the SS 
SANTA MARIA ‘ascertained’ the position of the 


Tug SAN JACINTO prior to hearing the latter 
vessel’s fog signals. Consequently, the SS SANTA 
MARIA was justified in proceeding without stop¬ 
ping her engines. This ‘ascertainment’ may be 
made by radar and is an adequate justification for 
failure to comply with the technical requirements 
that the engines be stopped. For that matter, it 
probably would be a lack of good judgment on the 
part of those in charge of the SS SANTA MARIA 
to stop their engines and lose their steerageway in 
this very narrow channel.” 

Union Oil Company of California v. Tugboat San 
Jacinto, 304 F. Supp.. 519 (D. Ore. 1969). 

2-26. Courts have ruled that the mariner is always 
responsible for the safe navigation of his vessel. If radar 
is utilized as an aid to navigation and plotting of 
contacts is required in order to fully comprehend the 
situation, then it is the responsibility of the mariner to 
plot. This concern for obtaining and understanding 
accurate information quickly reflects the emphasis that 
our training places on rapid radar plotting. Human 
factors seem intimately involved in the causes of 
collisions. In 1968, the National Transportation Safety 
Board with Coast Guard assistance made a study of 
collisions of radar equipped merchant vessels. The 
conclusion was that a reduction in the probability of 
collision for a ship depends on improving the following: 

1. Rules of the Road interpretation and compliance. 

2. Training of bridge personnel to improve profes¬ 
sional radar observation ability. 

3. Assistance in detecting and evaluating radar tar¬ 
gets. 

2-27. The National Transportation Safety Board has 
determined that most common causal factors of colli¬ 
sions were (a) the failure to properly utilize the radar, 
and (b) too much speed in conditions of poor visibility. 
In only 8% of the cases studied did the Board find any 
evidence of radar malfunction or deficiency. The major 
cause of accidents has been found to be a lack of 
understanding of relative motion on the part of the 
bridge personnel. Also, there have been such cases of 
failure to plot the course of contacts in the area and 
failure, in low visibility, to keep a continuous radar 
watch after contacts have been detected*. 

*Taken from Ocean Industries, December 1971. 

2-28. As in the now infamous collision involving the 
passenger ships Andrea Doria and Stockholm in the area 
between Nantucket and Ambrose Lightships in July 
1956, radar played a key role. Failure to accurately 
evaluate pertinent data set the stage for a radar assisted 
collision. Inaccurate plotting, failure to use the equip¬ 
ment correctly, and a basic lack of understanding of 
relative motion led to a potential total liability of $85 
Million in claims with an actual settlement of $6 
Million.** 

**Taken from “Safety at Sea Internation.” John C. Carrothers 
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which were governed by the International Rules of the 
Road, many collisions do occur under the jurisdiction of 
the Inland Rules. A classic example of a needless inland 
collision which led to national notoriety was the one 
involving the SS ARIZONA STANDARD and the SS 
OREGON STANDARD a few hundred yards west of the 
Golden Gate Bridge on January 18, 1971. 

2-30. Ironically, mistakes made by other masters and 
documented in previous court cases were again made by 
the masters of both vessels. Both were charged with 
“negligence.” Failing to effectively evaluate radar in¬ 
formation of the approaching SS ARIZONA STAND¬ 
ARD (and SS OREGON STANDARD) were specific 
charges levelled against each master. Previous collision 
cases and opinions stemming therefrom were cited.* 

*Page 2214-15 - AML 1971 


2-31. Two seagoing careers were shattered in that early 
morning fog and the public outcry reverberated all the 
way to the Congress in Washington. New rules, new 
regulations, more controls, were to emerge; all designed 
to do what radar was intended to do originally — prevent 
collision. 

2-32. A vessel equipped with radar is under a duty to use 
it intelligently and fully. In the case of the Arizona 
Standard and Oregon Standard, the shipowner had 
thoughtfully placed two excellent radar sets of differing 
characteristics on the bridge of each of these ships. 
Intelligent use of this equipment required a constant 
watch on at least one set, and dictated that the two sets 
be used, except for occasionsal target comparisons, on 
different ranges in miles. Such intelligent use would 
seem to require a specially assigned watch officer in 


dense fog in San Francisco Bay so that the regular watch 
officer is free to relay and observe orders to the helm 
and engines, make log entries, audit fog signals and 
maintain a VHF guard. 

2-33. A Master or Pilot is not only obligated to use 
available navigation aids, but he is required to use them 
intelligently and adequately. The Master or Pilot so 
failing is heavily burdened to prove that such fault did 
not contribute to the collision. 

2-34. Last, but not least, bear in mind the words of 
RULE 2 “Responsibility” as contained in the Navigation 
Rules of May 1, 1977: (Note: This is a modification of 
the previous General Prudential and Good Seamanship 
Rules). 

(a) “Nothing in these Rules shall exonerate any vessel, 
or the owner, master or crew thereof, from the conse¬ 
quences of any neglect to comply with these Rules 
or the neglect of any precaution which may be required 
by the ordinary practice of seaman, or by the special 
circumstances of the case.” 

(b) “In construing and complying with these Rules, 
due regard shall be had to all dangers of navigation 
and collision and to any special circumstances, including 
the limitations of the vessels involved, which may make 
a departure from these rules necessary to avoid im¬ 
mediate danger.” 

2-36. “In construing and complying with these rules, 
due regard shall be had to all dangers of navigation and 
collision and to any special circumstances, including the 
limitations of the vessels involved, which may make a 
departure from these rules necessary to avoid immediate 
danger.” 
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CHAPTER THREE 


GENERAL CHARACTERISTICS AND OPERATION OF RADAR 


PART 1 

FUNDAMENTALS OF RADAR 

3-1. BASIC PRINCIPLE 

3-2. Radar makes use of a phenomenon we have all 
observed, that of an echo. For example, a ship’s whistle 
produces sound waves which radiate in all directions. If 
this whistle was sounded in the middle of the ocean, the 
sound waves would dissipate their energy as they 
traveled outward; at some point they would disappear 
entirely. If, however, the whistle was sounded near a 
cliff or perhaps large warehouse, some of the sound 
energy would be reflected and heard as an echo. How 
long the echo takes to return would depend on how far 
away the reflecting object was. 

3-3. Sound waves travel through air at a speed of 
approximately 1,100 feet per second. If an echo requires 
eight seconds to return to the sound source after its 
origination, then the total distance the length of the 
wave traveled is 8,800 feet. The actual distance to the 
object, however, is only 4,400 feet since the sound 
waves make a round trip to the object and back. 

3-4. Radar performs the same kind of action. It 
produces extremely short bursts of radio energy, which 
are then radiated in a highly directional pattern. Al¬ 
though most of this energy is lost, some of it may strike 
an object such as water, a ship or plane or anything that 
will reflect a portion of the signal back to the sending 
point. By measuring the time required for the signal to 
travel to the object and return, the distance or range can 
be determined. Because of the extremely high speed of 
radio waves and the need for extremely short time 
intervals, conventional timing methods cannot be used. 
Instead, the distance is read from the face of a 
cathode-ray tube which could be looked upon as an 
electronic stop watch. Thus, the basic analogy between 
sound waves and radio waves still holds true; only the 
speeds and timing measurements differ. The echo reflec¬ 
tion and ranging principle remains constant. 

3-5. PULSE-MODULATED RADAR 

3-6. Radar, as designed for marine navigation applica¬ 
tions, is pulse modulated. Pulse-modulated radar is used 
to determine the distance to a contact by measuring the 
time required for an extremely short burst or pulse of 
radio-frequency energy to travel to the contact and 
return to its source as a reflected echo. Directional 
antennas are used for transmitting the pulse and receiv¬ 
ing the reflected echo, thereby allowing determination 
of the direction of the contact echo from the source. 


3-7. Radio-frequency energy travels at the speed of 
light, approximately 162,000 nautical miles per second; 
therefore, the time required for a pulse to travel to the 
contact and return to its source is a measure of the 
distance to the contact. The round trip time is account¬ 
ed for in the calibration of the radar. 

3-8. The speed of a pulse of radio-frequency energy is 
so fast that the pulse can circumnavigate the earth at the 
equator more than seven times in one second. It should 
be obvious that in measuring the time of travel of a radar 
pulse or signal from one ship to a contact ship, the 
measurement must be of an extremely short time 
interval. For this reason, the MICROSECOND unit of 
time is used in radar applications. The microsecond is 
one-millionth part of one second, i.e., there are 
1,000,000 microseconds in one second of time. 

3-9. The radio-frequency energy transmitted by pulse- 
modulated radars consists of a series of equally spaced 
pulses, frequently having durations of about one micro¬ 
second or less, separated by still very short but relatively 
long periods during which no energy is transmitted. The 
terms PULSE-MODULATED RADAR and PULSE 
MODULATION are derived from this method of trans¬ 
mission of radio-frequency energy. 

3-10. If the distance to a contact is to be determined 
by measuring the time required for one pulse to travel to 
the contact and return as a reflected echo, it is necessary 
that this cycle be completed before the pulse immediate¬ 
ly following is transmitted. This is the reason why the 
transmitted pulses must be separated by relatively long 
non transmitting time periods. Otherwise, transmission 
would occur during reception of the reflected echo of 
the preceding pulse. Using the same antenna for both 
transmitting and receiving, the relatively weak reflected 
echo would be blocked by the relatively strong trans¬ 
mitted pulse. 

3-11. While pulse-modulated radar systems vary greatly 
in detail, the principles of operation are essentially the 
same formll systems. Thus, a single basic radar system 
can be visualized in which the functional requirements 
are essentially the same as for all specific equipments. 

3-12. COMPONENTS AND SUMMARY 
OF FUNCTIONS 

3-13. The functional breakdown of a basic pulse- 
modulated radar system usually includes the following 
major components, as showns in the block diagram, 
figure 1. The functions of the components may be 
summarized as follows: 
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3-14. The power supply furnishes all AC and DC 
voltages necessary for the operation of the system 
components. 

3-15. The modulator produces the synchronizing sig¬ 
nals that trigger the transmitter the required number of 
times per second. It also triggers the indicator sweep and 
coordinates the other associated circuits. 

3-16. The transmitter generates the radio-frequency 
energy in the form of short powerful pulses. 

3-17. The antenna system takes the radio-frequency 
energy from the transmitter, radiates it in a highly 
directional beam, receives any returning echoes, and 
passes these echoes to the receiver. 

3-18. The receiver amplifies the weak radio-frequency 
pulses (echoes) returned by a contact and reproduces 
them as video pulses passed to the indicator. 

3-19. The indicator produces a visual indication of the 
echo pulses in a manner that furnishes the desired 
information. 

3-20. RADAR SYSTEMS CONSTANTS 

3-21. Before describing the functions of the com¬ 
ponents in more detail, there are certain constants 
associated with any radar system that will be discussed. 
These are carrier frequency, pulse repetition rate, pulse 
length, and power relation. The choice of these con¬ 
stants for a particular system is determined by its 
operational use, the accuracy required, the range to be. 
covered, the practical physical size, and the problems of 
generating and receiving the signals. 

3-22. CARRIER FREQUENCY 

3-23. The carrier frequency is the frequency at which 
the radio-frequency energy is generated. The principal 
factors influencing the selection of the carrier frequency 
are the desired directivity and the generation and 
reception of the necessary microwave radio-frequency 
energy. 

3-24. For the determination of direction and for the 
concentration of the transmitted energy so that a greater 
portion of it is useful, the antenna should be highly 
directive. The higher the carrier frequency, the shorter 
the wavelength and hence the smaller is the antenna 
required for a given sharpness of the pattern of radiated 
energy. 

3-25. The problem of generating and amplifying reason¬ 
able amounts of radio-frequency energy at extremely 
high frequencies is complicated by the physical construc¬ 
tion of the tubes to be used. The common tube becomes 
impractical for certain functions and must be replaced 


by tubes of special design; among these are the klystron 
and magnetron. 

3-26. Since it is very difficult to amplify the radio¬ 
frequency echoes of the carrier wave, radio-frequency 
amplifiers are not used. Instead, the frequency of the 
incoming signals (echoes) is mixed (heterodyned) with 
that of a local oscillator in a crystal mixer to produce a 
difference frequency called the intermediate frequency. 
This intermediate frequency is low enough to be 
amplified in suitable intermediate frequency amplifier 
stages in the receiver. 

3-27. PULSE REPETITION RATE 

3-28. The pulse repetition rate (PRR) is the number of 
pulses transmitted per second. 

3-29. Sufficient time must be allowed between each 
transmitted pulse for an echo to return from any contact 
located within the maximum workable range of the 
system. Otherwise, the reception of the echoes from the 
more distant contacts would be blocked by succeeding 
transmitted pulses. The maximum measurable range of a 
radar set depends upon the peak power in relation to the 
pulse repetition rate. Assuming sufficient power is 
radiated, the maximum range at which echoes can be 
received may be increased through lowering the pulse 
repetition rate to provide more time between transmitted 
pulses. The PRR must be high enough so that sufficient 
pulses hit the contact and enough are returned to detect 
the target. The maximum measurable range, assuming 
that the echoes are strong enough for detection, can be 
determined by dividing 80,915 (radar nautical miles per 
second) by the PRR. 

3-30. With the antenna being rotated, the beam of 
energy strikes a contact for a relatively short time. 
During this time, a sufficient number of pulses must be 
transmitted in order to receive sufficient echoes to 
produce the necessary indication on the radarscope. 
With the antenna rotating at 15 revolutions per minute, 
a radar set having a PRR of 800 pulses per second will 
produce approximately 22 pulses for each degree of 
antenna rotation. The PERSISTENCE of the radarscope, 
i.e., a measure of the time it retains images of echoes, 
and the rotational speed of the antenna, therefore, 
determine the lowest PRR that can be used. 

3-31. PULSE LENGTH 

3-32. Pulse length, measured in microseconds, is the 
transmission time of a single pulse of radio-frequency 
energy. 

3-33. The minimum range at which a contact can be 
detected is determined largely by the pulse length. If a 
contact is so close to the transmitter that the echo is 
returned to the receiver before the transmission stops, 










the reception of the echo, obviously, will be masked by 
the transmitted pulse. For example, a radar set having a 
pulse length of 1 microsecond will have a minimum 
range of 164 yards. This means that the echo of a 
contact within this range will not be seen on the 
radarscope because of being masked by the transmitted 
pulse. 

3-34. Since the radio-frequency energy travels at a 
speed of 161,829 nautical miles per second or 161,829 
nautical miles in one million microseconds, the distance 
the energy travels in one microsecond is approximately 
0.162 nautical mile or 328 yards. Because the energy 
must make a round trip, the contact cannot be closer 
than 164 yards if its echo is to be seen on the radarscope 
while using a pulse length of one microsecond. Conse¬ 
quently, relatively short pulse lengths, about 0.1 micro¬ 
second, must be used for close-in ranging. 

3-35. Many radar sets are designed for operation with 
both short and long pulse lengths. Many of these radar 
sets are shifted automatically to the shorter pulse length 
on selecting the shorter range scales. On other radar sets, 
the operator must select the pulse length in accordance 
with the operating conditions. Radar sets have greater 
range capabilities while functioning with the longer pulse 
length because a greater amount of energy is transmitted 
in each pulse. 

3-36. While maximum detection range capability is 
sacrificed when using the shorter pulse length, better 
range accuracy and range resolution are obtained. With 
the shorter pulse, better definition of the contact on the 
radarscope is obtained; therefore, range accuracy is 
better. RANGE RESOLUTION is a measure of the 
capability of a radar set to detect the separation between 
those contacts on the same bearing but having small 
differences in range. If the leading edge of a pulse strikes 
a contact at a slightly greater range while the trailing 
part of the pulse is still striking a closer contact, it is 
obvious that the reflected echoes of the two contacts 
will appear as a single elongated image on the radar¬ 
scope. 

3-37. FUNCTIONS OF COMPONENTS 
3-38. POWER SUPPLY 


3-39. It is unlikely that any one supply source could 
meet all the power requirements of a radar set. The 
distribution of the physical components of a system may 
be such as to make it impractical to group the 
power-supply circuits into a single physical unit. Differ¬ 
ent supplies are needed to meet the varying requirements 
of a system and must be designed accordingly. The 
power-supply function is performed by various types of 
supplies distributed among the circuit components of a 
radar set. 


3-40. In figure 1 the modulator, transmitter and re¬ 
ceiver are contained in the same chassis. In this 
arrangement, the group of components is called a 
TRANSCEIVER. (The term transceiver is an acronym 
composed from the words TRANSmitter and re- 
CEIVER.) 

3-41. MODULATOR 

3-42. The function of the modulator is to insure that 
all circuits connected with the radar system operate in a 
definite time relationship with each other and that the 
time interval between pulses is of the proper length. The 
modulator simultaneously sends a synchronizing signal 
to trigger the transmitter and the indicator sweep. This 
establishes a control for the pulse repetition rate (PRR) 
and provides a reference for the timing of the travel of a 
transmitted pulse to a target and its return as an echo. 

3-43. TRANSMITTER 

3-44. The transmitter is basically an oscillator which 
generates radio-frequency (r-f) energy in the form of 
short powerful pulses as a result of being turned on and 
off by the triggering signals from the modulator. Because 
of the frequencies and power outputs required, the 
transmitter oscillator is a special type known as MAG¬ 
NETRON. 

3-45. TRANSMITTING AND RECEIVING 
ANTENNA SYSTEM 

3-46. The function of the antenna system is to take the 
r-f energy from the transmitter, radiate this energy in a 
highly directional beam, receive any echoes or reflec¬ 
tions of transmitted pulses from contacts and pass these 
echoes to the receiver. 

3-47. In carrying out this function the r-f pulses 
generated in the transmitter are conducted to a FEED- 
HORN at the focal point of a directional reflector, from 
which the energy is radiated in a highly directional 
pattern. The transmitted and reflected energy (returned 
by the same dual purpose reflector) are conducted by a 
common path. 

3-48. This common path is an electrical conductor 
known as a WAVEGUIDE. A waveguide is hollow 
copper tubing, usually rectangular in cross section, 
having dimensions according to the wavelength or the 
carrier frequency, i.e., the frequency of the oscillations 
within the transmitted pulse or echo. 

3-49. Because of this use of a common waveguide, an 
electronic switch, a TRANSMIT-RECEIVE (TR) TUBE 
capable of rapidly switching from transmit to receive 
functions, and vice versa, must be utilized to protect the 
receiver from damage by the potent energy generated by 
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the transmitter. The TR tube, as shown in figure 1, 
blocks the transmitted pulses from the receiver. During 
the relatively long periods when the transmitter is 
inactive, the TR tube permits the returning echoes to 
pass to the receiver. To prevent some or all of the very 
weak echoes from being absorbed by the transmitter, 
another device known as an ANTI-TR (A-TR) TUBE is 
used to block the passage of these echoes to the 
transmitter. 

3-50. The feedhorn at the upper extremity of the 
waveguide directs the transmitted energy toward the 
reflector, which focuses this energy into a narrow beam. 
Any returning echoes are focused by the reflector and 
directed toward the feedhorn. The echoes pass through 
both the feedhorn and waveguide enroute to the 
receiver. The principles of a parabolic reflector are 
illustrated in figure 2. 



3-51. Since the r f energy is transmitted in a narrow 
beam, particularly narrow in its horizontal dimension, 
provision must be made for directing this beam toward a 
contact so that its range and bearing may be measured. 
Normally, this is accomplished through continuous 
rotation of the radar beam at a rate of about 10 to 20 
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revolutions per minute so that it will impinge upon any 
contact which might be in its path. Therefore, in this 
basic radar system the upper portion of the waveguide, 
including the feedhorn, and the reflector are constructed 
so that they can be rotated in the horizontal plane by a 
drive motor, as illustrated in figure 3. This rotatable 
antenna and reflector assembly is called the SCANNER. 

3-52. Figure 3 illustrates one of the more common types 
of reflectors used, a TILTED PARABOLIC RE¬ 
FLECTOR. The feedhorn is positioned so that it will not 
obstruct the reflected beam. 



Figure 3 — Scanner. 


3-53. Figure 4 illustrates another type of antenna being 
used. In this SLOTTED WAVEGUIDE ANTENNA, no 
reflector or feedhorn is used. The last few feet of the 
waveguide is constructed so that it can be rotated in the. 
horizontal plane. The forward and narrower face of the 
rotatable waveguide section contains a series of slots 
from which the r-f energy is emitted to form a narrow 
radar beam. Returning echoes also pass through these 
slots and then pass through the waveguide to the 
receiver. 

3-54. RECEIVER 

3-55. The function of the receiver is to amplify or 
increase the strength of the very weak r-f echoes and 
reproduce them as video signals to be passed to the 
indicator. The receiver contains a crystal mixer and 



From The Use of Radar at Sea, 4 th Ed. Copyright 1968, The 
Institute of Navigation, London. Used by Permission. 

Figure 4 — Slotted waveguide antenna. 


intermediate frequency amplification stages required for 
producing video signals used by the indicator. 

3-56. INDICATOR 

3-57. The primary function of the indicator is to 
provide a visual display of the ranges and bearings of 
radar contacts from which echoes are received. In this 
basic radar system, the type of display used is the PLAN 
POSITION INDICATOR (PPI), which is essentially a 
polar diagram, with the transmitting ship’s position at 
the center. Images of contact echoes are received and 
displayed at either their relative or true bearings, and at 
their distances from the PPI center. With a continuous 
display of the images of the contacts, the motion of the 
target relative to the motion of the transmitting ship is 
also displayed. 

3-58. The secondary function of the indicator is to 
provide the means for operating various controls of the 
radar system. 

3-59. The CATHODE-RAY TUBE (CRT), illustrated in 
figure 5, is the heart of the indicator. The CRT face or 
screen, which is coated with a film of phosphorescent 
material, is the PPI. The ELECTRON GUN at the 
opposite end of the tube (see Figure 6) emits a very 
narrow beam of electrons which impinges upon the 
center of the PPI unless deflected by electrostatic or 
electromagnetic means. Since the inside face of the PPI 
is coated with phosphorescent material, a small bright 
spot is formed at the center of the PPI. 
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3-60. If the electron beam is rapidly and repeatedly 
deflected radially from the center, a bright line called a 
TRACE is formed on the PPL Should the flow of 
electrons be stopped, this trace will continue to glow for 
a short period following the stoppage of the electron 
beam because of the phosphorescent coating. The slow 
decay of the brightness is known as PERSISTENCE, the 
slower the decay the higher the persistence. 

3-61. At the instant the modulator triggers the trans¬ 
mitter, it sends a TIMING TRIGGER signal to the 
indicator. The latter signal acts to deflect the electron 
beam radially from the center of the CRT screen (PPI) 
to form a trace of the radial movement of the electron 
beam. This radial movement of the electron beam is 
called the SWEEP or TIME BASE. While the terms trace 
and sweep are frequently used interchangeably, the term 
trace is descriptive only of the visible evidence of the 
sweep movement. 


3-62. Since the electron beam is deflected from the 
center of the CRT screen with each pulse of the 
transmitter, the sweep must be repeated very rapidly 
even when the lower pulse repetition rates are used. With 
a pulse repetition rate of 750 pulses per second, the 
sweep must be repeated 750 times per second. Thus, it 
should be quite obvious why the sweep appears as a solid 
luminous line on the PPI. The speed of movement of the 
point of impingement of the electron beam is far in 
excess of the capability of detection by the human eye. 


3-63. While the sweep must be repeated in accordance 
with the Pulse Repetition Rate, the actual rate of radial 
movement of the electron beam is governed by the size 
of the CRT screen and the distance represented by the 
radius of this screen according to the range scale being 
used. If the 20-mile range scale is selected, the electron 
beam must be deflected radially from the center of the 


PPI (Plan Position Indicator) at a rate corresponding to 
the time required for radio-frequency energy to travel 
twice the distance of the range scale in use. 


3-64. The objective of regulating the rate of travel of 
the electron beam in this manner is to establish a time 
base on the scope which may be used for direct 
measurements of distances to contacts without further 
need to take into account the fact that the transmitted 
pulse and its reflected echo make a round trip to and 
from the contact. With the periphery of the PPI 
representing a distance of 20 miles from the center of 
the PPI at the 20-mile range scale setting, the time 
required for the electron beam to move radially from the 
center to the periphery is the same as the time required 
for the transmitted pulse to travel to a contact at 20 
miles and return to the antenna as a reflected echo or 
the time to travel 40 miles in this case. It follows that a 
point on the sweep or time base halfway between the 
center of the PPI and its periphery represents a distance 
of 10 miles from the center of the PPI. The foregoing 
assumes that the rate of travel of the electron beam is 
constant, which is the usual case in the design of 
indicators for navigational radar. 

3-65. In navigational and collision avoidance applica¬ 
tions of radar, the antenna and the beam of r-f energy 
radiated from it are rotated at a constant rate, usually 
about 10 to 20 revolutions per minute in order to detect 
contacts all round the observer’s ship. In the preceding 
discussion of how a contact image is painted on the PPI, 
reference is made only to radial deflection of the 
electron beam to produce the sweep or time base. If 
contact images are to be painted at their relative bearings 
as well as distances from the center of the PPI, the sweep 
must be rotated in synchronization with the rotation of 
the antenna. Just as the electron beam may be deflected 
radially by electrostatic or electromagnetic means, the 
sweep may be rotated by the same means. The sweep is 
usually rotated electromagnetically in modern radars. 


Phosphorescent screen 
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landmasses are stationary, or nearly so, on the PPI. Thus, 
one observes own ship and other ships moving with 
respect to landmasses. 

3-83. STABILIZATION 


3-84. Usually, the true motion radar display is stabil¬ 
ized with North-Upward. With this stabilization, the 
display is similar to a plot on the navigational chart. On 
some models the display orientation is Heading-Upward. 
Because the true motion display must be stabilized to an 
unchanging reference, the cathode-ray tube must be 
rotated to place the heading at the top or upward. 

3-85. RADARSCOPE PERSISTENCE AND 
ECHO TRAILS 


3-86. High persistence radarscopes are used to obtain 
maximum benefit from the true motion display. As the 
radar images of the contacts are painted successively by 
the rotating sweep on the high persistence scope, the 
images continue to glow for a relatively longer period 
than the images on other scopes of lesser persistence. 
Depending upon the rates of movement, range scale, and 
degree of persistence, this afterglow may leave a visible 
echo trail or tail indicating the true motion of each 
contact. If the afterglow of the moving sweep origin 
leaves a visible trail indicating the true motion of own 
ship, estimates of the true speeds of the radar contacts 
can be made by comparing the lengths of their echo 
trails or tails with that of own ship. Because of the 
requirement for resetting own ship’s position on the PPI, 
there is a practical limit to the degree of persistence (see 



3-87. RESET REQUIREMENTS AND METHODS 

3-88. Because own ship travels across the PPI, the 
position of own ship must be reset periodically. Depend¬ 
ing upon design, own ship’s position may be reset 
manually, automatically, or by manually overriding any 
automatic method. Usually, the design includes a signal 
(buzzer or indicator light) to warn the observer when 
resetting is required. 

3-89. A design may include North-South and East-West 
reset controls to enable the observer to place own ship’s 
position at the most suitable place on the PPI. Other 
designs may be more limited as to where own ship’s 
position can be reset on the PPI, being limited to a point 
from which the heading flash passes through the center 
of the PPI. 

3-90. The radar observer must be alert with respect to 
reset requirements. To avoid either a manual or auto¬ 
matic reset at the most inopportune time, the radar 
observer should include in his evaluation of the situation 
a determination of the best time to reset own ship’s 
position. 

3-91. MODES OF OPERATION 

3-92. True motion radars can be operated with either 
true motion or relative motion displays, with true 
motion operation being limited to the short and inter¬ 
mediate range settings. 

3-93. In the relative motion mode, the sweep origin can 
be offcentered to extend the view ahead. With the view 
ahead extended, requirements for changing the range 
scale are reduced. Also, the off-center position of the 
fixed sweep origin can permit observation of a radar 
target on a shorter range scale than would be the case 
with the sweep origin fixed at the center of the PPI. 

3-94. Through use of the shorter range scale, the 
relative motion of the radar contact is more clearly 
indicated. 

3-95. TYPES OF TRUE MOTION DISPLAY 


3-96. While fixed objects such as landmasses are sta¬ 
tionary, or nearly so, on true motion displays, fixed 
objects will be stationary on the PPI only if there is no 
current or if the set and drift are compensated for by 
controls for this purpose. Dependent upon set design, 
current compensation may be effected through set and 
drift controls or by speed and course made good 
controls. 

3-97. When using true motion radar primarily for 
collision avoidance purposes, the sea-stabilized display is 
preferred generally. The latter type of display differs 
from the ground-stabilized display only in that there is 
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no compensation for current. Assuming that own ship 
and a radar contact are affected by the same current, the 
sea-stabilized display indicates true courses and speeds 
through the water. If own ship has leeway or is being 
affected by current, the echoes of stationary objects will 
move on the sea-stabilized display. Small echo trails will 
be formed in a direction opposite to the leeway or set. If 
the echo from a small rock appears to move due north at 
2 knots, then the ship is being set due south at 2 knots. 
The usable afterglow of the CRT screen, which lasts 
from about 1-1/2 to 3 minutes, determines the minimum 


rate of movement which can be detected on the display. 
The minimum rate of movement has been found to be 
about 1-1/2 knots on the 6-mile range scale and 
proportional on other scales. 

3-98. The ground-stabilized display provides the means 
for stopping the small movements of the echoes from 
stationary objects. This display may be used to obtain a 
clearer PPI presentation or to determine leeway or the 
effects of current on own ship. 


PART 3 

RADAR OPERATING CONTROLS 


3-99. INDICATOR POWER SWITCH 

3-100. This switch on the indicator has OFF, STAND¬ 
BY, and OPERATE (ON) positions. If the switch is 
turned directly from the OFF to OPERATE positions, 
there is a warmup period of about three minutes before 
the radar set is in full operation. During the warmup 
period the cathodes of the tubes are heated, this heating 
being necessary prior to applying high voltages. If the 
switch is in the STANDBY position for a period longer 
than that required for warmup, the radar set is placed in 
full operation immediately upon turning the switch to 
the OPERATE position. Keeping the radar set in 
STANDBY when not in use tends to lessen maintenance 
problems. Frequent switching from OFF to OPERATE 
tends to cause tube failures. 

3-101. ANTENNA (SCANNER) POWER SWITCH 

3-102. For reasons of safety, a radar set should have a 
separate switch for starting and stopping the rotation of 
the antenna. Separate switching permits antenna rota¬ 
tion for deicing purposes when the radar set is either off 
or in standby operation. Separate switching permits 
work on the antenna platform when power is applied to 
other components without danger attendant to a rotat¬ 
ing antenna. 

3-103. SPECIAL SWITCHES 

3-104. Even when the radar set is off, provision may be 
made for applying power to heaters designed for keeping 
the set dry. In such case, a special switch is provided for 
turning this power on and off. 


NOTE: Prior to placing the indicator power switch in the 
OPERATE position, the brilliance control, the receiver gain 
control, the sensitivity time control, and the fast time constant 
switch should be placed at their minimum or off positions. The 
setting of the brilliance control avoids excessive brilliance 
harmful to the CRT on applying power. 


3-105. PERFORMANCE CONTROLS - INITIAL 
ADJUSTMENTS 

3-106. BRILLIANCE CONTROL 

3-107. (Also called INTENSITY, BRIGHTNESS .) 

3-108. The brilliance control is adjusted to make the 
trace of the rotating sweep visible but not too bright. 

3-109. FOCUS CONTROL 

3-110. The focus control is adjusted so that the 
rotating sweep is as sharply defined as possible. 

3-111. BRILLIANCE CONTROL (READJUSTMENT) 

3-112. The brilliance control is readjusted so that the 
trace of the rotating sweep is just visible. This adjust¬ 
ment should be made with the receiver gain control at 
its minimum setting because it is difficult to judge the 
right degree of brilliance when there is a speckled 
background on the PPI. With too little brilliance, the 
PPI display is difficult to see; with excessive brilliance 
the display is defocused. 

3-113. RECEIVER GAIN CONTROL 

3-114. The receiver gain control is adjusted until a 
speckled background just appears on the PPI. With too 
little gain, weak echoes may not be detected; with 
excessive gain, strong echoes may not be detected 
because of the poor contrast between echoes and the 
background of the PPI display. 

3-115. In adjusting the receiver gain control to obtain 
the speckled background, the indicator should be set on 
one of the longer range scales because the speckled 
background is more apparent on these scales. On shifting 
to a different range scale, the brightness may change. 
Generally, the required readjustment may be affected 
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through use of the receiver gain control alone although 
the brightness of the PPI display is dependent upon the 
settings of the receiver gain and brilliance controls. In 
some radar indicator designs, the brilliance control is 
preset at the factory. Even so, the brilliance control may 
have to be readjusted at times during the life of the 
cathode-ray tube. Also the preset brilliance control may 
have to be readjusted because of large changes in 
ambient light levels. 

3-116. FOCUS CONTROL (FINE ADJUSTMENT) 

3-117. Continuing to use one of the longer range scales, 
the focus control is readjusted using the variable range 
marker (VRM) set to describe a range ring half way 
between the center of the PPI and its outer edge. The 
focus control is adjusted to obtain as fine a ring as 
possible. If there is no VRM, the middle fixed range ring 
should be used to obtain the fine focus adjustment. 
Since technical limitations generally preclude obtaining a 
fine focus in all areas of the PPI, the middle ring is used 
as an adequate compromise. 

3-118. PERFORMANCE CONTROLS - 
ADJUSTMENTS ACCORDING TO 
OPERATING CONDITIONS 

3-119. RECEIVER GAIN CONTROL 

3-120. This control is adjusted in accordance with the 
range scale being used. Particular caution must be 
exercised so that while varying its adjustment for better 
detection of more distant contact, the area near the 
center of the PPI is not subjected to excessive brightness 
within which close contacts may not be detected. 

3-121. When detection at the maximum possible range 
is the primary objective, the receiver gain control should 
be adjusted so that a speckled background is just visible 
on the PPI. However a temporary reduction of the gain 
setting may prove useful for detecting strong echoes 
from among weaker ones. 

3-122. FAST TIME CONSTANT (FTC) SWITCH 

3-123. (Also called DIFFERENTIATOR, RAIN 
CLUTTER CONTROL) 

3-124. With the FTC switch in the ON position, the 
FTC circuit through shortening the echoes on the 
display reduces clutter on the PPI which might be caused 
by rain, snow, or hail. When used, this circuit has an 
effect over the entire PPI and generally tends to reduce 
receiver sensitivity and, thus, the strengths of the echoes 
as seen on the display. 

3-125. RAIN CLUTTER CONTROL 

3-126. Some rain clutter controls provide a variable fast 


time constant. Thus, it provides greater flexibility in the 
use of FTC according to the operating conditions. 
Whether the FTC is fixed or variable, it provides the 
means for breaking up clutter which otherwise could 
obscure the echo of a target of interest. When navigating 
in confined waters, the FTC feature provides better 
definition of the PPI display through better range 
resolution. Also, the use of FTC provides lower mini¬ 
mum range capability. 

3-127. SENSITIVITY TIME CONTROL (STC) 

3-128. (Also calle d SEA CLUTTER CONTROL, ANTI¬ 

CLUTTER CONTROL, STC GAIN, SUPPRESSOR.) 

3-129. Normally, the STC should be placed at the 
minimum setting in calm seas. This control is used with a 
circuit which is designed to suppress sea clutter out to a 
limited distance from the ship. Its purpose is to enable 
the detection of close contacts which otherwise might be 
obscured by sea clutter. This control must be used 
judiciously in conjunction with the receiver gain control. 
Generally, one should not attempt to eliminate all sea 
clutter with this control. Otherwise, echoes from small 
close contacts may be suppressed also. 

3-130. TUNING CONTROL 

3-131. If the radar set design does not have an 
automatic frequency control (AFC) circuit to keep the 
receiver tuned to the transmitter for optimum per¬ 
formance, the manual tuning control must be adjusted 
to obtain the best reception of echoes. Some radar set 
designs having automatic frequency control also have 
provisions for manual tuning in case of failure of the 
AFC circuit. 

3-132. Without automatic frequency control, the tun¬ 
ing must be adjusted at frequent intervals after the set is 
turned on. After about 30 minutes operation, this 
frequent adjustment is not required normally. The 
tuning should be checked periodically to insure that the 
radar is operating properly, particularly if no contacts 
are being observed. 

3-133. Without ship or land contacts, a performance 
monitor, or a tuning indicator, the receiver may be 
tuned by adjusting the manual tuning control for 
maximum sea clutter. An alternative to the use of 
normal sea clutter which is usually present out to a few 
hundred yards even when the sea is calm, is the use of 
echoes from the ship’s wake during a turn. When sea 
clutter is used for manual tuning adjustment, all anti¬ 
clutter controls should be either off or placed at their 
minimum settings. Also, one of the shorter range scales 
should be used. 

3-134. Any reduction of over 20 percent the range on 
which the plume of any installed performance monitor 
extends when the radar set is operating at its highest 


- 18 - 














performance is indicative of the need for tuning adjust¬ 
ment. If tuning adjustment does not produce a plume 
length within specified limits, the need for equipment 
maintenance is indicated. 

3-135. The effectiveness of the anti-clutter controls can 
be checked by inspecting their effects on the plume 
produced by the echo from the echo box. 

3-136. PULSE LENGTH AND PULSE REPETITION 
RATE CONTROLS 

3-137. On some radar sets the pulse length and pulse 
repetition rate (PRR) are changed automatically in 
accordance with the range scale setting. At the higher 
range scale settings the radar operation is shifted to 
longer pulse lengths and lower pulse repetition rates. The 
greater energy in the longer pulse is required for 
detection at longer ranges. The lower pulse repetition 
rate is required in order that an echo can return to the 
receiver prior to the transmission of the next pulse. At 
the shorter range scale settings, the shorter pulse length 
provides better range resolution and shorter minimum 
ranges, the higher power of the longer pulse not being 
required. Also, the higher pulse repetition rates at the 
shorter range scale settings provide more frequent 
repaintings of the pips and, thus, sharper pips on the PPI 
desirable for short range observation. 

3-138. On other radar sets the pulse length and PRR 
must be changed by manual operation of controls. On 
some of these sets pulse length and PRR can be changed 
independently. The pulse lengths and PRR’s of radar sets 
installed aboard merchant ships usually are changed 
automatically with the range scale settings. 

3-139. LIGHTING AND BRIGHTNESS CONTROLS 

3-140. REFLECTION PLOTTER 

3-141. The illumination levels of the reflection plotter 
and the bearing dials are adjusted by a control, labeled 
PLOTTER DIMMER in figure 10. 

3-142. The reflection plotter lighting must be turned 
on in order to see reflected images of the grease pencil 
plot on the PPI. With yellowish-green fluorescence, 
yellow and orange grease pencil markings provide the 
clearest images on the PPI; with orange fluorescence, 
black grease pencil markings provide the clearest images. 

3-143. HEADING FLASH 

3-144. The brightness of the heading flash is adjusted by 
control, labeled FLASHER INTENSITY CONTROL in 
figure 10. The brightness should be kept at a low level to 
avoid masking a small pip on the PPI. The heading flash 
should be turned off periodically for the same reason. 
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3-145. ELECTRONIC BEARING CURSOR 

3-146. The brightness of the electronic bearing cursor is 
adjusted by a control for this purpose. The indicator 
illustrated in figure 10 does not have the electronic 
bearing cursor feature. Unless the electronic bearing 
cursor appears as a dashed or dotted line, the brightness 
levels of the electronic bearing cursor and the heading 
flash should be different to serve as an aid to their 
identification. 

3-147. FIXED RANGE MARKERS 

3-148. The brightness of the fixed range markers is 
adjusted by a control, labeled FIXED RANGE MARK 
INTENSITY CONTROL in figure 10. The fixed range 
markers should be turned off periodically to avoid the 
possibility of their masking a small pip on the PPI. 

3-149. VARIABLE RANGE MARKER 

3-150. The brightness of the variable range marker is 
adjusted by the control labeled VARIABLE RANGE 
MARK INTENSITY CONTROL in figure 10. This 
control is adjusted so that the ring described by the 
VRM is sharp and clear but not too bright. 

3-151. PANEL LIGHTING 


3-152. The illumination of the panel is adjusted by the 
control labeled PANEL CONTROL in figure 10. 

3-153. MEASUREMENT AND ALIGNMENT 
CONTROLS 

3-154. RANGE 

3-155. Usually, ranges are measured by means of the 
variable range marker (VRM). In figure 10 the control 
for varying the setting of the VRM is labeled VARIA¬ 
BLE RANGE MARKER CONTROL, whereas in figure 
11 the control is labeled RING SET. In figure 11 the 
notation indicates that the VRM on this radar set 
indicator can be used to measure ranges up to only 20 
miles although the maximum range scale setting is 40 
miles. For distances greater than 20 miles, the fixed 
range rings must be used with this indicator. 

3-156. The radar indicators designed for merchant ship 
installation have range counter readings in miles and 
tenths of miles. According to the range calibration, the 
readings may be either statute or nautical miles. The 
range counter has three digits, the last or third digit 
indicating the range in tenths of a mile. As the VRM 
setting is adjusted, the range is read in steps of tenths of 
a mile. The VRM control may have coarse and fine 
settings. The coarse setting permits rapid changes in the 




range setting of the VRM. The fine setting permits the 
operator to make small adjustments of the VRM more 
readily. For accurate range measurements, the circle 
described by the VRM should be adjusted so that it just 
touches the inside edge of the pip. 

3-157. BEARING 

3-158. On most radar indicators bearings are measured 
by setting the mechanical bearing cursor to bisect the 
target pip and reading the bearing on the bearing dial. 
The bearing cursor is set by the control labeled 
BEARING CURSOR CONTROL in figure 10 and 
CURSOR in figure 11. 


3-159. With unstabilized Heading-Up ward displays, true 
bearings are read on the rotatable dial which is set 
either manually or automatically to ship’s true heading. 
On the indicator illustrated in figure 10, the outer dial is 
set manually by the control labeled BEARING SCALE 
CONTROL. The relative bearings are read on the fixed 
dial. 


3-160. With stabilized (North-Upward) displays, true 
bearings are read on the fixed dial. With loss of compass 
input to the indicator, the bearings as read on the latter 
dial are relative. Some radar indicators designed for 
stabilized (North-Up ward)displays have rotatable relative 
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Reproduced by Courtesy of Radiomarine Corporation. 


Figure 10 — RCA-CRM — N2C-30 indicator. 
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bearing dials the zero graduations of which can be set to 
the heading flash for reading relative bearings. 

3-161. Some radar indicators, especially those having 
true motion displays, may have an electronic bearing 
cursor and associated bearing indicator. The electronic 
cursor is particularly useful when the display is off-cen¬ 
tered. 

3-162. SWEEP CENTERING 


3-163. For accurate bearing measurement by the 
mechanical bearing cursor, the sweep origin must be 
placed at the center of the PPI. Some radar indicators 
have panel controls which can be used for horizontal and 


vertical shifting of the sweep origin to place it at the 
center of the PPI and, thus, at the pivot point of the 
mechanical bearing cursor. On other radar indicators not 
having panel controls for centering the sweep origin, the 
sweep must be centered by making those adjustments 
inside the indicator cabinet as are prescribed in the 
manufacturer’s instruction manual. 


3-164. CENTER EXPANSION 


3-165. Some radar indicators have a CENTER EX¬ 
PAND SWITCH, as illustrated in figure 12, which is used 
to displace zero range from the center of the PPI on the 
shortest range scale setting. With the switch in the ON 
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Reproduced by Courtesy of the Raytheon Company. 




Figure 11 — Raytheon indicator. 
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position there is distortion in range but no distortion in 
the bearings of the pips displayed because the expansion 
is radial. Using center expansion, there is greater 
separation between pips near the center of the PPI and, 
thus, better bearing resolution. Also, bearing accuracy is 
improved because centering errors have lesser effect on 
accuracy with greater displacement of pips from the PPI 
center. When center expansion is used, the fixed range 
rings expand with the center. However, the range must 
be measured from the inner circle as opposed to the 
center of the PPI. 

3-166. The use of center expansion can be helpful in 
anti-clutter adjustment. 

3-167. HEADING FLASH ALIGNMENT 

3-168. For accurate bearing measurements, the align¬ 


ment of the heading flash with the PPI display must be 
such that radar bearings are in close agreement with 
relatively accurate visual bearings observed from near the 
radar antenna. 

3-169. On some radar indicators, the heading flash 
must be set by a PICTURE-ROTATE CONTROL 
according to the type of display desired. Should there be 
any appreciable difference between radar and visual 
bearings, adjustment of the heading flash contacts is 
indicated. The latter adjustment should be made in 
accordance with the procedure prescribed in the manu¬ 
facturer’s instruction manual. However, the following 
procedures should prove helpful in obtaining an accurate 
adjustment: 

(1) Adjust the centering controls to place the 
sweep origin at the center of the PPI as 
accurately as is possible. 
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Figure 12 — Lower control panel controls. 
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(2) In selecting an object for simultaneous visual 
and radar bearing measurements, select an 
object having a small and distinct pip on the 
PPI. 

(3) Select an object which lies near the maximum 
range of the scale in use. This object should not 
be less than two nautical miles away. 

(4) Observe the visual bearings from a position as 
close to the radar antenna as is possible. 

(5) Use as the bearing error the average of the 
differences of several simultaneous radar and 
visual observations. 

(6) After any heading flash adjustment, check the 
accuracy of the adjustment by simultaneous 
radar and visual observations. 

3-170. RANGE CALIBRATION 

3-171. The range calibration of the indicator should be 
checked at least once each watch, before any event 
requiring high accuracy, and more often if there is any 
reason to doubt the accuracy of the calibration. A 
calibration check made within a few minutes after a 
radar set has been turned on should be checked again 30 
minutes later, or after the set has warmed up thorough¬ 
ly. 

3-172. The calibration check is simply the comparison 
of VRM and fixed range ring ranges at various range 
scale settings. In this check, the assumption is that the 
fixed range rings are more accurate; this, since they are 
relatively stable. One indication of the accuracy of the 
range ring calibration is the linearity of the sweep or 
time base. Since range rings are produced by brightening 
the electron beam at regular intervals during the radial 
sweep of this beam, equal spacing of the range rings is 
indicative of the linearity of the time base. 

3-173. Representative maximum errors in calibrated 
fixed range rings are 75 yards or 1-1/2% of the 
maximum range of the range scale in use, whichever is 
greater. Thus, on a 6-mile range scale setting the error in 
the range of a pip just touching a range ring may be 
about 180 yards or about 0.1 nautical mile. Since fixed 
range rings are the most accurate means generally 
available for determining range when the leading edge of 
the target pip is at the range ring, it follows that ranging 
by radar is less accurate than many may assume. One 
should not expect the accuracy of navigational radar to 
be better than + or — 50 yards under the best 
conditions. 

3-174. Each range calibration check is made by setting 
the VRM to the leading edge of a fixed range ring and 
comparing the VRM range counter reading with the 
range represented by the fixed range ring. The VRM 
reading should not differ from the fixed range ring value 
by more than 1 percent of the maximum range of the 
scale in use. For example, with the radar indicator set on 
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the 40-mile range scale and the VRM set at the 20-mile 
range ring, the VRM range counter reading should be 
between 19.6 and 20.4 miles. 

3-175. MAINTENANCE AND SAFETY PRECAUTIONS 

3-176. SAFETY GUARDS AND WARNING SIGNALS 

3-177. When personnel are sent aloft in the area of 
rotating antennas, switches or motor controllers actu¬ 
ating the antenna movement shall be disabled and 
warning tags attached to prevent accidental energizing. 
Before starting any work on the antenna, remove the 
main line or antenna fuses and place a sign on the radar 
“DO NOT START - MEN WORKING ALOFT ON 
RADAR PLATFORM.” For additional safety, the per¬ 
son removing the fuses should keep them in his pocket 
until the job is finished. 

3-178. CAUTION 

3-179. Dangerous high voltages are present in both the 
indicator and transceiver. Even after the equipment has 
been off for some time a high voltage charge may be 
present. When covers are removed, safety precautions 
should be observed as follows: 

(1) Stop equipment. 

(2) Ground the high voltages by placing the shaft 
of a long screw driver against the edge of the 
metal chassis and to the metal rim around the 
Cathode Ray Tube or the tip of the high 
voltage lead entering the C.R.T. 

(3) To ground metal-topped tubes, force a screw¬ 
driver under their caps and place the tool’s 
shaft against the chassis. 

3-180. SCANNER 

3-181. Paint periodically, using a thin coat of any paint 
that suits your color scheme. Care should be used not to 
paint the horn window. The wave guide, particularly the 
joints, should also be painted. All scanners have gear 
cases containing oil, also drive motors and other bearings 
that require occasional oil and grease. Refer to instruc¬ 
tion manuals. 

3-182. If the scanner is mounted close to the stack, the 
horn plastic window should be cleaned of soot forms. 

3-183. TRANSCEIVER 

3-184. All transceivers contain blower motors which 
require periodic oiling. Air filters are also present which 
must be replaced or cleaned. Refer to instruction 
manuals. 

3-185. INDICATOR 
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Figure 13 — Sperry 16" Radar Display 
Reproduced Courtesy of Sperry Marine Systems 


*Note: 

Sperry's Anti-clutter Control 

(This manufacturer's anti-clutter control is actually a combina¬ 
tion of STC and FTC) 

Position No. 1 — Used in clear weather, light sea 
(Normal STC - No FTC) 


Position No. 2 — Used in rainy weather, light to moderate sea 
(Normal STC — Normal FTC) 

Position No. 3 — Used in clear weather, rough sea 
(Increased STC - No FTC) 

Position No. 4 — Used in heavy rain, rough sea 
(Increased STC — Increased FTC) 

(Caution: In positions 3 and 4, small targets may be lost.) 
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Figure 14 — Decca 16" True Motion Display 
Reproduced Courtesy of ITT Decca Marine Inc. 
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3-186. Dust will collect on the surface of the cathode 
ray tube and, therefore, it becomes necessary to clean 
periodically. CAUTION must be exercised in performing 
the cleaning operation. Due to the high vacuum and 
large surface area, a violent implosion may result if the 
face of the tube is struck. Exercise extreme care not to 
drop any heavy object on the tube face. 

3-187. MOTOR GENERATOR 

3-188. Check brushes and lubricate bearings periodi¬ 
cally. 

3-189. OVERALL MAINTENANCE 

3-190. In order to prevent dampness from forming in 
equipment, operate set on full power for at least one 
hour each day at sea. Do not leave turned off for a 
PROLONGED PERIOD. Always perform any mainte¬ 
nance in conjunction with recommended procedures as 
listed in the operator’s manual. 

3-191. RADAR OPERATING LOG 


3-192. It is not always appreciated that keeping a 
record of the performance of a radar set in some brief 
but readily comprehensible form is a most important aid 
to the efficient use of the equipment. Modern seagoing 
officers have a wide variety of duties, many of which 
entail paper work, but the importance of a radar 
operating log is such that it has been thought worth¬ 
while to emphasize the keeping of one. 

3-193. Although a well-kept log may contain a mine of 
information of value to those responsible for providing 
and designing radar, it would be a great mistake to 
assume that this is the major reason for recording the 
results obtained. On the contrary, the user who records 
his experience will reap the greater benefit from pos¬ 
session of the log. 

3-194. The Federal Communications Commission 
(F.C.C.) requires that a permanent installation and 
maintenance record(radar operating log) be retained. 
The nature of any complaint (description of failures), 
the reason for the trouble, names of component parts 
which failed or were misadjusted, remedial action 
taken, and the date(s) shall be recorded. 
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CHAPTER FOUR 


CHARACTERISTICS OF RADAR PROPAGATION 


PART 1 

VARIOUS EFFECTS 

4-1. THE RADAR WAVE 

4-2. Radio waves of the super high frequency range are 
sometimes referred to as radar waves. Radar waves 
emitted in pulses of electro-magnetic energy in the radio 
frequency band range between 3000 to 10,000 mega¬ 
hertz (MHz), used for shipborne navigational radar, have 
many characteristics similar to those of other waves. 
Like light waves of much higher frequency, radar waves 
tend to travel in straight lines or rays at speeds 
approximating that of light. Also, like light waves, radar 
waves are subject to refraction or bending in the 
atmosphere. Like waves in the sea, radar waves have 
energy, frequency, amplitude, wavelength, and rate of 
travel. 

4-3. Whereas waves in the sea have mechanical energy, 
radar waves have electromagnetic energy, usually ex¬ 
pressed in watt units of power. This electromagnetic 
energy has associated electric and magnetic fields, the 
directions of which are at right angles to each other and 
to the direction of propagation. The orientation of the 
ELECTRIC AXIS in space establishes what is known as 
the POLARIZATION of the wave. Horizontal polariza¬ 
tion is used normally with navigational radars, i.e., the 
direction of the electric axis is horizontal in space. 
Horizontal polarization has been found to be the most 
satisfactory type of polarization for navigational radars 
in that stronger echoes are received from the targets 
normally used with these radars when the electric axis is 
horizontal. 

4-4. Each pulse of energy transmitted during a few 
tenths of a microsecond or a few microseconds contains 
hundreds of complete oscillations. A CYCLE is one 
complete oscillation or one complete wave, i.e., that part 
of the wave motion passing zero in one direction until it 
next passes zero in the same direction (see figure 15). 


The FREQUENCY is the number of cycles completed 
per second. The unit now being used for frequency in 
cycles per second is the HERTZ. One hertz is one cycle 
per second; one kilohertz (kHz) is one thousand cycles 
per second; one megahertz (MHz) is one million cycles 
per second. 

4-5. WAVELENGTH is the distance along the direction 
of propagation between successive crests or troughs. 
When one cycle has been completed, the wave has 
traveled one wavelength. 

4-6. The AMPLITUDE is the maximum displacement 
of the wave from its mean or zero value. 

4-7. Since the speed of radar waves is constant at 
300,000 kilometers per second, there is a definite 
relationship between frequency and wavelength. The 
general equation V = f X X shows this relationship — 
where V = Constant velocity of radar waves 
where f = frequency or cycles completed per 
second 

where X = wavelength. (X Greek letter “Lambda” 
used as symbol) 

4-8. Since the V value is always constant as the 
frequency increases, the wave length must shorten. Thus, 
the higher the frequency, the shorter the wavelength 
while conversely, the lower the frequency, the longer the 
wavelength. 

4-9. The Federal Communications Commission has 
allocated the following frequencies for commercial 
radar use: 

X Band: Frequency 9375 -±- 45 MHz 

Giving a wavelength of 3.2 cm. 

S Band: Frequency 3070 ± 50 MHz 

Giving a wavelength of 10 cm. 

Both frequencies have certain characteristics which make 
them attractive to the marine industry. Generally, the 10 
cm radar is preferred for long range detection while the 
3.2 is preferred for close-in navigational work. The 3 cm 
sets are, however, far more sensitive to clutter than the 
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10 cm sets. The easiest way for the student to detect a 3 
cm radar as opposed to a 10 cm set is to examine the 
waveguide. The 10 cm waveguide will have the cross 
area size of a “two inch by four inch” stud; while the 
3 cm wave guide will be about 1/3 that size. 

4-10. REFRACTION 

4-11. During normal atmospheric conditions, the radar 
horizon exceeds the geometrical horizon by 15% and the 
optical horizon by 6%. Thus, like light rays in the 


4-13. In the preceding discussion standard atmospheric 
conditions were assumed. The STANDARD ATMOS¬ 
PHERE is a hypothetical vertical distribution of atmos¬ 
pheric temperature, pressure, and density which is taken 
to be representative of the atmosphere for various 
purposes. While the atmospheric conditions at any one 
locality during a given season may differ considerably 
from standard atmospheric conditions, the slightly 
downward bending of the light and radar rays may be 
described as the typical case. 


Straight line propagation 



Figure 16 — Refraction. 


standard atmosphere, radar rays are bent or refracted 
slightly downwards approximating the curvature of the 
earth (see Figure 16). 

4-12. The distance to the radar horizon does not in 
itself limit the distance from which echoes may be 
received from contacts. Assuming that adequate power is 
transmitted, echoes may be received from contacts 
beyond the radar horizon if their reflecting surfaces 
extend above it. Note that the distance to the radar 
horizon is the distance at which the radar rays graze the 
surface of the earth. 


4-14. SUPER-REFRACTION 

4-15. In calm weather with no turbulence when there is 
an upper layer of warm dry air over a surface layer of 
cold, moist air, a condition known as SUPER-REFRAC¬ 
TION may occur (see figure 17). The effect of super¬ 
refraction is to increase the downward bending of the 
radar rays and thus increase the ranges at which contacts 
may be detected. Super-refraction occurs often in the 
tropics when a warm land breeze blows over cooler 
ocean currents. 



Super-refraction 


r Radar horizon greater than normal 
Reproduced by Courtesy of Decca Radar Limited, London. 


Figure 17 — Super-refraction. 
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4-16. SUB-REFRACTION duct illustrated in figure 19, the radar rays are refracted 

downward to the surface of the sea, reflected upward, 
4-17. If a layer of cold, moist air overrides a shallow refracted downward again within the duct, and so on 

layer of warm, dry air, a condition known as SUB- continuously. 


Sub-refraction 



Figure 18 — Sub-refraction. 


REFRACTION may occur (see figure 18). The effect of 
sub-refraction is to bend the radar rays upward and thus 
decrease the maximum ranges at which contacts may be 
detected. 


4-18. Sub-refraction also affects minimum ranges and 
may result in failure to detect low lying contacts at short 
range. This condition may occur in polar regions when 
cold air masses move over warm ocean currents. 

4-19. DUCTING 

4-20. Most radar operators are aware that at certain 
times they are able to detect contacts at extremely long 


4-22. The energy trapped by the duct suffers little loss; 
thus, contacts may be detected at exceptionally long 
ranges. Surface contacts have been detected at ranges in 
excess of 1400 miles with relatively low-powered equip¬ 
ment. There is a great loss in the energy of the rays 
escaping the duct, thus reducing the chances for detec¬ 
tion of contacts above the duct. 

4-23. Ducting sometimes reduces the effective radar 
range. If the antenna is below a duct, it is improbable 
that contacts above the duct will be detected. In 
instances of extremely low-level ducts when the antenna 
is above the duct, surface contacts lying below the duct 
may not be detected. The latter situation does not occur 
very often. 



Figure 19 — Ducting. 


ranges, but at other times they canot detect contacts 
within visual ranges, even though their radars may be in 
top operating condition in both instances. 


4-21. These phenomena occur during extreme cases of 
super-refraction. Energy radiated at angles of one degree 
or less may be trapped in a layer of the atmosphere 
called a SURFACE RADIO DUCT. In the surface radio 


4-24. Although ducting conditions can happen any 
place in the world, the climate and weather in some 
areas make their occurrence more likely. In some parts 
of the world, particularly those having a monsoonal 
climate, variation in the degree of ducting is mainly 
seasonal, and great changes from day to day may not 
take place. In other parts of the world, especially those 
in which low barometric pressure areas recur often, the 
extent of non-standard propagation conditions varies 
considerably from day to day. 
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4-25. THE RADAR BEAM 

4-26. The pulses of radio frequency (r-f) energy are 
directed to the radar scanner from the transmitter via a 
rectangular or circular conductor called a wave guide. In 
the case of a parabolic reflector, the energy passes 
through the feed horn and is directed toward the 
reflector. The reflector, in turn, focuses the energy into 
a narrow beam or lobe-shaped pattern. With the slotted 
wave guide antenna, the energy is radiated directly from 
the slots and forms a single lobe-shaped pattern. Al¬ 
though the radiated energy is concentrated or focused 
into a relatively narrow main beam by the antenna, 
similar to a beam of light from a flashlight, there is no 
clearly defined envelope of the energy radiated. While 
the energy is concentrated along the axis of the beam, its 
strength decreases with distance along the axis. The 
strength of the energy decreases rapidly in directions 
away from the beam axis as well. This means, to the 
mariner, that the farther the distance this energy travels 
either away from the beam axis or along it, the less 
amount of useful energy there is available. 

4-27. BEAM WIDTH 

4-28. The three dimensional radar beam is normally 
defined by its horizontal and vertical beam widths. 
Horizontal beam width is the angular width of a radar 
beam between points within which the field strength or 
power is greater than arbitrarily selected lower limits of 
field strength or power (see figure 20). Since the two 
limiting values expressed either in terms of field strength 
or power ratios used conventionally to define horizontal 
beam width are more for the technician than the 
mariner, little will be covered in this area. The two terms 
used to define horizontal beam width are half power 
points and quarter power points sometimes shown in 
decibel levels. 

4-29. The Radar Observer should remember that, for a 
given amount of transmitted power, the main lobe of a 
radar beam extends to a greater distance at a given 
power level with greater concentration of power in 


narrower horizontal beam widths. To increase maximum 
range detection capabilities, the energy is concentrated 
into as narrow a beam as is feasible. Because of practical 
considerations related to target detection and discrimina¬ 
tion, only the horizontal beam width is quite narrow, 
typical values being between about 0.65° to 2.0°. 

4-30. The vertical beam width, however, is relatively 
broad. The objective of a wide vertical beam width is to 
prevent the loss of nearby objects during rolling or 
pitching of the vessel. Typical vertical beam width values 
range from 15° to 35°. 


4-31. Since the actual beam widths used in any given 
radar are functions of the frequency in use, the antenna 
design and antenna dimensions, the mariner has little 
control over the beam widths and assumes the radar 
manufacturers will provide the most advantageous beam 
widths for any particular antenna system. 

4-32. The slotted waveguide antenna has largely elimi¬ 
nated the side-lobe problem. (See “Side Lobe Echoes” in 
Part 2 of this chapter.) 

4-33. DIFFRACTION 

4-34. Diffraction is the bending of a radar wave as it 
passes an obstruction. Because of diffraction there is 
some illumination of the region behind an obstruction or 
contact by the radar beam. Diffraction effects are 
greater at lower frequencies. Thus, the radar beam of a 
lower frequency radar tends to illuminate more of the 
shadow region behind an obstruction than the beam of a 
radar of higher frequency or shorter wavelength. 

4-35. ATTENUATION 

4-36. Attenuation is the scattering and dissipation of 
the energy in the radar beam as it passes through the 
atmosphere. It causes a decrease in echo strength. 
Attenuation is greater at the higher frequencies or 
shorter wavelengths. 


Half-power point 



Figure 20 — Radiation diagram. 
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PART 2 


FACTORS AFFECTING DETECTION, DISPLAY, 
AND 

MEASUREMENT OF RADAR CONTACTS 


4-37. FACTORS AFFECTING MAXIMUM RANGE 
4-38. FREQUENCY 

4-39. The higher the frequency of a radar (radio) wave, 
the greater is the attenuation (loss in power), regardless 
of weather. Lower radar frequencies (longer wave¬ 
lengths) have, therefore, been generally superior for 
longer detection ranges. 

4-40. PEAK POWER 

4-41. The peak power of a radar is its useful power. 
Range capabilities of the radar increase with peak power. 
Doubling the peak power increases the range capabilities 
by about 25 percent. 

4-42. PULSE LENGTH 

4-43. The longer the pulse length, the greater is the 
range capability of the radar because of the greater 
amount of energy transmitted. 

4-44. PULSE REPETITION RATE 

4-45. The pulse repetition rate (PRR) determines the 
maximum measurable range of the radar. Ample time 
must be allowed between pulses for an echo to return 
from any contact located within the maximum workable 
range of the system. Otherwise, echoes returning from 
the more distant contacts are blocked by succeeding 
transmitted pulses. This necessary time interval deter¬ 
mines the highest PRR that can be used. 

4-46. The PRR must be high enough that sufficient 
pulses will hit the contact with echoes returning back to 
the radar equipped ship. The maximum measurable 
range can be determined approximately by dividing 
81,000 by the PRR. 

4-47. HORIZONTAL AND VERTICAL BEAM 
WIDTHS 

4-48. The more concentrated the horizontal and vertical 
beam widths, the greater is the detection range of the 
radar. 

4-49. CONTACT CHARACTERISTICS 

4-50. Contacts that are large can be seen on the scope 


at greater ranges, provided a line-of-sight exists between 
the radar antenna and the contact. Conducting materials 
(a ship’s steel hull, for example) return relatively strong 
echoes while nonconducting materials (a wood hull of a 
fishing boat, for example) return much weaker echoes. 

4-51. RECEIVER SENSITIVITY 

4-52. The more sensitive receivers provide greater 
detection ranges but are more subject to jamming. 

4-53. ANTENNA ROTATION RATE 

4-54. The more slowly the antenna rotates, the greater 
is the detection range of the radar. Modern radar 
antennas rotate at speeds of approximately 20 revolu¬ 
tions per minute. 

4-55. Say, for a radar set having a PRR of 2000 pulses 
per second, a horizontal beam width of 2°.0, and an 
antenna rotation rate of 20 RPM (1 revolution in 3 
seconds or 120 scanning degrees per second), there is 
one pulse transmitted each 0°.06 of rotation. There are 
33.3 pulses transmitted during the time required for the 
antenna to rotate through its beam width. 

4-56. At higher antenna rotation rates, the maximum 
ranges at which contacts may be detected are reduced. 


4-57. FACTORS AFFECTING MINIMUM RANGE 
4-58. PULSE LENGTH 

4-59. The minimum range capability of a radar is 
determined primarily by the pulse length. It is equal to 
half the pulse length of the radar (164 yards per 
microsecond of pulse length). Electronic considerations 
such as the recovery time of the receiver and the 
duplexer (TR and anti-TR tubes assembly) extend the 
minimum range at which a contact can be detected 
beyond the range determined by the pulse length. 


4-60. SEA RETURN 

4-61. Sea return or echoes received from waves may 
clutter the indicator within and beyond the minimum 
range established by the pulse length and recovery time. 
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4-62. SIDE-LOBE ECHOES 

4-63. Contacts detected by the side-lobes of the an¬ 
tenna beam pattern are called side-lobe echoes. When 
operating near land or large contacts, side-lobe echoes 
may clutter the indicator and prevent detection of close 
contacts, without regard to the direction in which the 
antenna is trained. 

4-64. VERTICAL BEAM WIDTH 

4-65. Depending on the vessel’s trim and the existing 
sea conditions, small surface contacts may escape the 
lower edge of the vertical beam when close by. 

4-66. FACTORS AFFECTING RANGE ACCURACY 

4-67. The range accuracy of radar depends upon the 
exactness with which the time interval between the 
instants of transmitting a pulse and receiving the echo 
can be measured. The following six factors contribute to 
range accuracy. 

4-68. FIXED ERROR 

4-69. A fixed range error is caused by starting the sweep 
on the indicator before the r-f energy leaves the antenna. 
The zero reference for all range measurements must be 
the leading edge of the transmitted pulse as it appears on 
the indicator. Inasmuch as part of the transmitted pulse 
leaks directly into the receiver without going to the 
antenna, a fixed error results from the time required for 
r-f energy to go up to the antenna and return to the 
receiver. This error causes the indicated ranges to be 
greater than their true values. 

4-70. A device called a trigger delay circuit is used to 
eliminate the Fixed error. By this means the trigger pulse 
to the indicator can be delayed a small amount. Such a 
delay results in the sweep starting at the instant an echo 
would return to the indicator from a flat plate right at 
the antenna — not at the instant that the pulse is' 
generated in the transmitter. 

4-71. LINE VOLTAGE 

4-72. Accuracy of range measurement depends on the 
constancy of the line voltage supplied to the radar 
equipment. If supply voltage varies from its nominal 
value, ranges indicated on the radar may be unreliable. 
This fluctuation usually happens only momentarily, 
however, and after a short wait ranges normally are 
accurate. 

4-73. CALIBRATION 

4-74. The range to a contact can be measured most 
accurately on the PPI when the leading edge of its pip 
just touches a fixed range ring. The accuracy of this 
measurement is dependent upon the maximum range of 
the scale in use. Representative maximum error in the 


calibration of the fixed range rings is 75 yards or 1-1/2 
percent of the maximum range of the range scale in use, 
whichever is greater. With the indicator set on the 6-mile 
range scale, the error in the range of a pip just touching a 
range ring may be about 180 yards or about 0.1 nautical 
mile because of calibration error alone when the range 
calibration is within acceptable limits. 

4-75. On some PPI’s range can only be estimated by 
reference to the fixed range rings. When the pip lies 
between the range rings, the estimate is usually in error 
by two to three percent of the maximum extent of the 
range scale setting plus any error in the calibration of the 
range rings. 

4-76. Radar indicators usually have a variable range 
marker (VRM) or adjustable range ring which is the 
normal means for range measurements. With the VRM 
calibrated with respect to the fixed range rings within a 
tolerance of 1 percent of the maximum range of the 
scale in use, ranges as measured by the VRM may be in 
error by as much as 2-1/2 percent of the maximum range 
of the scale in use. With the indicator set on the 8-mile 
range scale, the error in a range as measured by the VRM 
may be as much as 0.2 nautical mile. 

4-77. PIP AND VRM ALIGNMENT 

4-78. When using the VRM to measure distances to pips 
on the PPI, the radar observer must carefully align the 
VRM with the inside edge of the pip. On the longer 
range scales, this alignment is more difficult. A compari¬ 
son between the fixed range rings with the VRM should 
always be made and any error noted. Since the fixed 
rings maintain their alignment better than the VRM, the 
difference in range should be noted and a correction 
factor for the VRM should be applied. 

4-79. RANGE SCALE 

4-80. The higher range scale settings result in reduced 
accuracy of both fixed range ring and VRM measure¬ 
ments because of greater calibration errors and the 
greater difficulty of pip and VRM alignment associated 
with the higher settings. 

4-81. PPI CURVATURE 

4-82. On some radar indicators, because of the curvature 
of the PPI, range measurements of pips near the 
periphery are of lesser accuracy than the measurements 
nearer the center of the PPI. 

4-83. FACTORS AFFECTING RANGE RESOLUTION 

4-84. Range resolution is a measure of the capability of a 
radar to display, as separate pips, the echoes received 
from two contacts which are on the same bearing and 
close together. 
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4-85. The principal factors that affect the range resolu¬ 
tion of a radar are the length of the transmitted pulse, 
receiver gain, CRT spot size, and the range scale. A high 
degree of range resolution requires a short pulse, low 
receiver gain, and a short range scale. 

4-86. PULSE LENGTH 

4-87. Two contacts on the same bearing, close together, 
cannot be seen as two distinct pips on the PPI unless 
they are separated by a distance greater than one-half 
the pulse length (164 yards per microsecond of pulse 
length). If a radar has a pulse length of 1-microsecond 
duration, the contacts would have to be separated by 
more than 164 yards before they would appear as two 
pips on the PPI. 

4-88. Radio-frequency energy travels through space at 
the rate of approximately 328 yards per microsecond. 
Thus, the end of a 1-microsecond pulse traveling through 
the air is 328 yards behind the leading edge, or start, 
of the pulse. If a 1-microsecond pulse is sent toward two 
objects on the same bearing, separated by 164 yards, the 
leading edge of the echo from the distant contact coin¬ 
cides in space with the trailing edge of the echo from the 
near contact. 


4-89. Two contacts on the same bearing, close together, 
cannot be seen as two distinct pips on the PPI un¬ 
less they are separated by a distance greater than one- 
half the pulse length (164 yards per microsecond of 
pulse length). If a radar has a pulse length of 1-micro- 
second duration, the contacts would have to be separated 
by more than 164 yards before they would appear as two 
pips on the PPI. The echoes from the two objects blend 
into a single pip and range can be measured only to the 
nearest object. The reason for this blending is illustrated 
in Figure 21. 


In part D echoes are traveling back toward the antenna 
from both contacts. In part E reflection is completed at 
the near contact. At this time the leading edge of the 
echo from the far contact coincides with the trailing 
edge of the first echo. When the echoes reach the 
antenna, energy is delivered to the set during a period of 
2 microseconds so that a single pip appears on the PPI. 


4-90. CRT SPOT SIZE 

4-91. The range separation required for resolution is 
increased because the spot formed by the electron beam 
on the screen of the CRT cannot be focused into a point 
of light. The increase in echo image (pip) length and 
width varies with the size of the CRT and the range scale 
in use. On the longer range scales, the increase in echo 
size, because of spot size, is appreciable. 


4-92. RANGE SCALE 

4-93. The pips of two contacts separated by a few 
hundred yards may merge on the PPI when one of the 
longer range scales is used. The use of the shortest range 
scale possible and proper adjustment of the receiver gain 
may enable their detection as separate contacts. If the 
display can be off-centered, this may permit display of 
the contact on a shorter range scale than would be 
possible otherwise. 

4-94. FACTORS AFFECTING BEARING ACCURACY 

4-95. HORIZONTAL BEAM WIDTH 

4-96. Bearing measurements can be made more 
accurately with the narrower horizontal beam widths. 
The narrower beam widths afford better definition of 
the contact and, thus, more accurate identification of 
the center of the contact. Several contacts close together 
may return echoes which produce pips on the PPI which 
merge, thus preventing accurate determination of the 
bearing of a single contact within the group. 

4-97. CONTACT SIZE 

4-98. For a specific beam width, bearing measurements 
of small contacts are more accurate than large contacts 
because the centers of the smaller pips of the small 
contacts can be identified more accurately. 

4-99. CONTACT RATE OF MOVEMENT 

4-100. The bearings of stationary or slowly moving 
contacts can be measured more accurately than the 
bearings of faster moving contacts. 

4-101. STABILIZATION OF DISPLAY 

4-102. Stabilized PPI displays provide higher bearing 
accuracies than unstabilized displays because they are 
not affected by yawing of the ship. 

4-103. SWEEP CENTERING ERROR 

4-104. If the origin of the sweep is not accurately 
centered on the PPI, bearing measurements will be in 
error. Greater bearing errors are incurred when the pip is 
near the center of the PPI than when the pip is near the 
periphery of the PPL Since there is normally some 
centering error, more accurate bearing measurement can 
be made by changing the range scale to shift the pip 
position away from the center of the PPI. 

4-105. PARALLAX ERROR 

4-106. Improper use of the mechanical bearing cursor 
will introduce bearing errors. On setting the cursor to 
bisect the pip, the cursor should be viewed from a 
position directly over it. Electronic bearing cursors used 
with some stabilized displays sometimes provide more 
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Figure 21 — Pulse length and range resolution. 







































































































































































accurate bearing measurements than mechanical bearing 
cursors because measurements made with the electronic 
cursor are not affected by parallax or centering errors. 

4-107. HEADING FLASH ALIGNMENT 

4-108. For accurate bearing measurements, the 
alignment of the heading flash with the PPI display must 
be such that radar bearings are in close agreement with 
relatively accurate visual bearings observed from near the 
radar antenna. 

4-109. FACTORS AFFECTING BEARING 
RESOLUTION 

4-110. Bearing resolution is a measure of the capability 
of a radar to display, as separate pips, the echoes 
received from two contacts which are at the same range 
and close together. 

4-111. The principal factors that affect the bearing 
resolution of a radar are horizontal beam width, the 
range to the contacts, and CRT spot size. 

4-112. HORIZONTAL BEAM WIDTH 

4-113. As the radar beam is rotated, the painting of a 
pip on the PPI begins as soon as the leading edge of the 
radar beam strikes the contact. The painting of the pip is 
continued until the trailing edge of the beam is rotated 
beyond the contact. Accordingly, the pip is distorted 
angularly by an amount equal to the effective horizontal 
beam width. 

4-114. As illustrated in figure 22, in which a horizontal 
beam width of 10° is used for graphical clarity only, the 
actual bearing of a small contact having good reflecting 
properties is 090°, but the pip as painted on the 
illustrated PPI extends from 095° to 085°. The left 5° 
and the right 5° are painted while the antenna is not 
pointed directly towards the target. The bearing must be 
read at the center of the pip. 


4-115. RANGE OF CONTACTS 

4-116. Assuming a more representative horizontal beam 
width, say of 2°, the pip of a ship 400 feet long observed 
beam on at a distance of 10 nautical miles on a bearing 
of 090° would be painted on the PPI between 091.2° and 
088.8°, the actual angular width of the target being 0.4°. 
The pip of a ship 900 feet long observed beam-on at the 
same distance and bearing would be painted on the PPI 
between 091.4° and 088.6°, the angular width of the 
contact being 0.8°. Since the angular widths of the pips 
painted for the 400 and 900-foot contacts are 1.4° and 
1.8°, respectively, any attempt to estimate contact size 
by the angular width of the pipe is not generally 
practical. 




ON SCOPE 

CONTACT PIP IS ALWAYS WIDENED ON THE SCOPE 
AN AMOUNT EQUAL TO THE BEAM WIDTH. 

Figure 22 — Angular Distortion. 


4-117. Since the pip of a single contact, as painted on 
the PPI, is elongated angularly an amount equal to beam 
width, two contacts at the same range must be separated 
by more than one beam width to appear as separate pips. 
The required separation distance depends upon range. 
Assuming a 2° beam width, contacts at 10 miles must be 
separated by over 0.35 nautical miles or 700 yards to 
appear as separate pips on the PPI. At 5 miles the 
contacts must be separated by over 350 yards to appear 
as separate pips if the beam width is 2°. 

4-118. Figure 23 illustrates a case in which echoes are 
being received from 4 contacts. Notice that only 3 pips 
are painted on the PPI. Contacts A and B are painted as 
a single pip because they are not separated by more than 
one beam width; contacts C and D are painted as 
separate pips because they are separated by more than 
one beam width. 

4-119. Inasmuch as bearing resolution is determined 
primarily by horizontal beam width, a radar with a 
narrow horizontal beam width provides better bearing 
resolution than one with a wide beam. 
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4-120. WEATHER 



A. Actual Disposition of Contacts 

B. Appearance of Contacts on PP1 


Figure 23 — Bearing Resolution. 


4-121. The usual effects of weather are to reduce the 
ranges at which contacts can be detected and to produce 
unwanted echoes on the radarscope which may obscure 
the returns from important contacts or from those 
which may be dangerous to one’s own ship. 

4-122. WIND 

4-123. Wind produced waves reflect echoes which appear 
on the PPI as video snow, called sea return. Sea return is 
normally greater in the direction from which the wind 
and seas are coming. Sea return effects may be reduced 
by the proper use of the gain, STC and anti-clutter 
controls; however, care must be taken not to lose any 
valid contacts through excessive use of these controls. 


RANGE AND BEARING RESOLUTION 
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4-124. PRECIPITATION 

4-125. Rain, hail, and snow may, when heavy, return 
echoes which appear on the PPI as a blurred or cluttered 
area. The FTC switch is used to minimize precipitation 
returns and for revealing contacts which may be hidden 
in the clutter. In addition to masking contacts which are 
within the storm area, heavy precipitation tends to 
absorb some of the strength of the pulses and decreases 
maximum detection range. 

4-126. UNUSUAL PROPAGATION CONDITIONS 

4-127. Similar to light waves, radar waves going 
through the earth’s atmosphere are subject to refraction 
and normally bend slightly with the curvature of the 
earth. Certain atmospheric conditions will produce a 
modification of this normal refraction. 

4-128. WAVELENGTH 

4-129. Generally radars transmitting on the shorter 
wavelengths are more subject to the effects of weather 
than radars transmitting at the longer wavelengths. 
Without use of anti-rain and anti-sea clutter controls, the 
clutter is more massive on the PPI of the radar having 
the shorter wavelength. Also, contacts which can be 
detected on the PPI of the radar having the longer 
wavelength cannot be detected on the PPI of the radar 
having the shorter wavelength. Even with the use of the 
anti-rain and anti-sea clutter controls, contacts still 
cannot be detected on the PPI of the radar having the 
shorter wavelength because too much of the energy has 
been absorbed or attenuated by the rain. 

4-130. CONTACT CHARACTERISTICS 

4-131. There are several contact characteristics which 
will enable one contact to be detected at a greater range 
than another, or for one contact to produce a stronger 
echo than another contact of same or similar size. 
Contact characteristics as they affect detection are listed 
and explained below. 

4-132. HEIGHT 

4-133. Since radar wave propagation is almost line-of- 
sight, the height of the contact is of prime importance. 
If the contact does not rise above the radar horizon, the 
radar beam obviously cannot be reflected from the 
contact. The contact must rise somewhat above the 
radar horizon if radar echoes are to return. 

4-134. SIZE 

4-135. Up to certain limits, contact which have larger 
reflecting areas will return stronger echoes than contacts 
having smaller reflecting areas. Should a contact’s width 
be greater than the horizontal beam width, the strength of 


the echoes will not be increased on account of the 
greater width of the contact because the area not 
exposed to the radar beam at any instant cannot, of 
course, reflect an echo. Since the vertical dimensions of 
most contacts are small compared to the vertical beam 
width of marine navigational radars, the beam width 
limitation is not normally applicable to the vertical 
dimensions. However, there is a vertical dimension 
limitation in the case of sloping surfaces or stepped 
surfaces. In this case, only the projected vertical area 
lying within the distance equivalent of the pulse length 
can return echoes at any instant. 

4-136. ASPECT 

4-137. The aspect of a contact is its orientation to the 
axis of the radar beam. With change in aspect, the 
effective reflecting area may change, depending upon the 
shape of the contact. The nearer the angle between the 
reflecting area and the beam axis is to 90°, the greater is 
the strength of the echo returned to the antenna. 

4-138. SHAPE 

4-139. Contacts of identical shape may give echoes of 
varying strength, depending on the aspect of each. Thus, 
a flat surface at right angles to the radar beam, such as 
the side of a steel ship or a steep cliff along the shore, 
will reflect very strong echoes. As the aspect changes, 
this flat surface will tend to reflect more of the energy 
of the beam away from the antenna and may give rather 
weak echoes. 

4-140. A concave surface will tend to focus the radar 
beam back to the antenna while a convex surface will 
tend to scatter the energy. A smooth conical surface will 
not reflect energy back to the antenna. However, echoes 
may be reflected to the antenna if the conical surface is 
rough. 

4-141. TEXTURE 

4-142. The texture of the contact may modify the 
effects of shape and aspect. A smooth contact tends to 
increase its reflective qualities, and will increase the 
strength of the reflection, but unless the aspect and 
shape of the contact are such that the reflection is 
focused directly back to the antenna, the smooth surface 
will give a poor radar echo because most of the energy is 
reflected in another direction. On the other hand, a 
rough surface will tend to break up the reflection, and 
will improve the strength of echoes returned from those 
contacts whose shape and aspect normally give weak 
echoes. 

4-143. COMPOSITION 

4-144. The ability of various substances to reflect radar 
pulses depends on the intrinsic electrical properties of 
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Figure 26 — Effects of ship's position, beam width, and pulse 
length on radar shoreline. 































the ship is at another position nearby. Thus, radar 
shadow alone can cause considerable differences be¬ 
tween the PPI display and the chart presentation. This 
effect, in conjunction with beam width and pulse length 
distortion of the PPI display, can cause even greater 
differences in PPI presentations. 

4-160. BEAM WIDTH AND PULSE LENGTH 
DISTORTION 

4-161. The pips of ships, rocks, and other contacts 
close to shore may merge with the shoreline image on 
the PPI. This merging is due to the distortion effects of 
horizontal beam width and pulse length. Contact images 
on the PPI always are distorted angularly by an amount 
equal to the effective horizontal beam width. Also, the 
contact images always are distorted radially by an 
amount at least equal to one-half the pulse length (164 
yards per microsecond of pulse length). 

4-162. Figure 26 illustrates the effects of ship’s posi¬ 
tion, beam width, and pulse length on the radar 
shoreline. Because of beam width distortion, a straight, 
or nearly straight, shoreline often appears crescent¬ 
shaped on the PPI. This effect is greater with the wider 
beam widths. Note that this distortion increases as the 
angle between the beam axis and the shoreline decreases. 

4-163. SUMMARY OF DISTORTIONS 

4-164. Figure 27 illustrates the distortion effects of 
radar shadow, beam width, and pulse length. View A 
shows the actual shape of the shoreline and the land 
behind it. Note the steel tower on the low sand beach 
and the two ships at anchor close to shore. The heavy 
line in view B represents the shoreline on the PPI. The 
dotted lines represent the actual position and shape of 
all contacts. Note in particular: 



(a) The low sand beach is not detected by the 
radar. 

(b) The tower on the low beach is detected, but it 
looks like a ship in a cove. At closer range the 
land would be detected and the cove-shaped 
area would begin to fill in; then the tower could 
not be seen without reducing the receiver gain. 

(c) The radar shadow behind both mountains. 
Distortion owing to radar shadows is responsi¬ 
ble for more confusion than any other cause. 
The small island does not appear because it is in 
the radar shadow. 

(d) The spreading of the land in bearing caused by 
beam width distortion. Look at the upper shore 
of the peninsula. The shoreline distortion is 
greater to the west because the angle between 
the radar beam and the shore is smaller as the 
beam seeks out the more westerly shore. 

(e) Ship No. 1 appears as a small peninsula. Her pip 
has merged with the land because of the beam 
width distortion. 

(f) Ship No. 2 also merges with the shoreline and 
forms a bump. This bump is caused by pulse 
length and beam width distortion. Reducing 
receiver gain might cause the ship to separate 
from land provided the ship is not too close to 
the shore. The FTC could also be used in an 
attempt to separate the ship from the land. 

4-165. RECOGNITION OF UNWANTED ECHOES 
AND EFFECTS 

4-166. The navigator must be able to recognize various 
abnormal echoes and effects on the radarscope so as not 
to be confused by their presence. 

4-167. INDIRECT (FALSE) ECHOES 




pulse length. 

(Dashed lines refer to actual positions and shapes of all contacts) 
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4-168. Indirect or false echoes are caused by reflection 
of the main lobe of the radar beam off ship’s structures 
such as stacks and kingposts. When such reflection does 
occur, the echo will return from a legitimate radar 
contact to the antenna by the same indirect path. 
Consequently, the echo will appear on the PPI at the 
bearing of the reflecting surface. This indirect echo will 
appear on the PPI at the same range as the direct echo 
received, assuming that the additional distance by the 
indirect path is negligible (see figure 28). 



4-169. Characteristics by which indirect echoes may be 
recognized are summarized as follows: 

(1) The indirect echoes will usually occur in sha¬ 
dow sectors. 

(2) They are received on substantially constant 
bearings although true bearing of the radar 
contact may change appreciably. 

(3) They appear at the same ranges as the corres¬ 
ponding direct echoes. 

(4) When plotted, their movements are usually 
abnormal. 

(5) Their shapes may indiciate that they are in¬ 
direct echoes. 

4-170. SIDE-LOBE EFFECTS 

4-171. Side-lobe effects are readily recognized in that 
they produce a series of echoes on each side of the main 
lobe echo at the same range as the latter. Semi-circles or 
even complete circles may be produced. Because of the 
low energy of the side-lobes, these effects will normally 
occur only at the shorter ranges. Side-lobe effects may 
be minimized or eliminated through the use of anti-clut¬ 
ter controls or gain. Slotted wave guide antennas have 
largely eliminated the side-lobe problem (see figure 29). 



Figure 29 — Side-lobe effects. 


4-172. MULTIPLE ECHOES 

4-173. Multiple echoes may be found where a large 
vessel passes close by your own ship. The radar pulse 
bounces back and forth between the two ships causing 
several echoes to appear on the CRT. The true contact 
will appear at the closest range and will be clearer and 
better defined. The remaining echoes will be spaced 
equidistantly on the same bearing at multiples of the 
true range, weakening in intensity as the range increases. 
These echoes may be minimized by proper use of the 
gain or clutter controls (see figure 30). 



Figure 30 — Multiple echoes. 


4-174. SECOND-TRACE (MULTIPLE-TRACE) 
ECHOES 


4-175. Second-trace (multiple-trace) echoes are those 
pips which are received from a contact at a distance 
greater than the radar range in use. If an echo from a 
distant target is received after the following pulse has 
been transmitted, the echo will appear on the radarscope 
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Figure 31 — Second-trace echo on 12-mile range scale. 



Figure 32 — Position of second-trace echo on 12-mile range scale 
after changing PRR. 


at the correct bearing but not at the true range. 
Second-trace echoes are unusual except during abnormal 
atmospheric conditions, or conditions under which 
super-refraction is present. Second-trace echoes may be 
recognized through changes in their positions on the 
radarscope when changing the pulse repetition rate 
(PRR); their hazy, streaky, or distorted shape; and their 
erratic movements while plotting them. 

4-176. As illustrated in figure 31, a contact pip is 
detected on a true bearing of 090° at a distance of 7.5 
miles. On changing the PRR from 2000 to 1800 pulses 
per second, the same contact is detected on a bearing of 
090° at a distance of 3 miles (see figure 32). 

4-177. The change in the position of the pip indicates 
that it is a second-trace echo. The actual distance of 
the contact is the distance as indicated on the PPI plus 
half the distance the radar wave travels between pulses. 

4-178. ELECTRONIC INTERFERENCE EFFECTS 

4-179. Electronic interference effects, such as may 
occur when in the vicinity of another radar operating in 
the same frequency band as that of the observer’s ship 
are usually seen on the PPI as a large number of bright 
dots, either scattered at random or in the form of dotted 
lines extending from the center to the periphery of the 
PPI. This should not be confused with spoking as 
described below. 

4-180. Interference effects are greater at the longer 
radar range scale settings. The interference effects can be 
distinguished easily from normal echoes because they do 
not appear in the same places on successive rotations of 
the antenna. 

4-181. BLIND AND SHADOW SECTORS 

4-182. Stacks, masts, king posts and other structures 


may cause a reduction in the intensity of the radar beam 
beyond these obstructions, especially if they are close to 
the radar antenna. If the angle at the antenna subtended 
by the obstruction is more than a few degrees, the 
reduction of the intensity of the radar beam beyond the 
obstruction may be such that a blind sector is produced. 
With lesser reduction in the intensity of the beam 
beyond the obstructions, shadow sectors can be pro¬ 
duced. Within these shadow sectors, small contacts at 
close range may not be detected while larger contacts at 
much greater ranges may be detected. 

4-183. SPOKING 

4-184. Spoking appears on the PPI as a number of 
radial lines. Spoking is easily distinguished from inter¬ 
ference effects in that the spokes are straight on all 
range-scale settings and are lines rather than a series of 
dots. 

4-185. The spokes may appear all around the PPI, or 
they may be confined to a sector. Should the spoking be 
confined to a narrow sector, the effect can be distin¬ 
guished from a ramark signal of similar appearance 
through observation of the steady relative bearing of the 
spoke in a situation where the bearing of the ramark 
signal should change. 

4-186. The appearance of spoking is indicative of a need 
for equipment maintenance. 

4-187. SECTORING 

4-188. The PPI display may appear as alternately 
normal and dark sectors. This phenomenon is usually 
due to the automatic frequency control being out of 
adjustment. 

4-189. SERRATED RANGE RINGS 
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Figure 33 — Corner reflectors. 


4-190. The appearance of serrated range rings is indica¬ 
tive of need for equipment maintenance. 

4-191. PPI DISPLAY DISTORTION 

4-192. After the radar set has been turned on, the 
display may not spread immediately to the whole of the 
PPI because of static electricity inside the CRT. Usually, 
this static electricity effect, which produces a distorted 
PPI display, lasts no longer than a few minutes. 

4-193. HOUR-GLASS EFFECT 


4-194. Hour-glass effect appears as either a constriction 
or expansion of the display near the center of the PPI. 

The expansion effect is similar in appearance to the 
expanded center display. This effect, which can be 
caused by a nonlinear time base or the sweep not 
starting on the indicator at the same instant as the 
transmission of the pulse, is most apparent when in 
narrow rivers or close to shore. 

4-195. AIDS TO RADAR NAVIGATION 

4-196. Various aids to radar navigation have been 
developed to aid the navigator in identifying radar 
contacts and for increasing the strength of the echoes 
received from objects which otherwise are poor radar 
contacts. 

4-197. RADAR REFLECTORS 

4-198. Buoys and small boats, particularly those boats 
constructed of wood, are poor radar contacts. Weak 
fluctuating echoes received from these contacts are 
easily lost in the sea clutter on the radarscope. To aid in 
the detection of these contacts, radar reflectors, of the 
corner reflector type, are often used. The corner 
reflectors may be mounted on the tops of buoys or the 
body of the buoy may be shaped as a corner reflector. 
When used on boats, radar reflectors are exhibited from 
aloft for maximum effectiveness. 

4-199. Each comer reflector illustrated in Figure 33 
consists of three mutually perpendicular flat metal 
surfaces. 
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Figure 34 — Radar reflector buoy. 

4-200. A radar wave on striking any of the metal 
surfaces or plates will be reflected back in the direction 
of its source, i.e., the radar antenna. Maximum energy 
will be reflected back to the antenna if the axis of the 
radar beam makes equal angles with all the metal 
surfaces. Frequently comer reflectors are assembled in 
clusters to insure receiving strong echoes at the antenna. 

4-201. RADAR BEACONS 

4-202. While radar reflectors are used to obtain strong¬ 
er echoes from radar contacts, other means are required 
for more positive identification of radar contacts. Radar 
beacons are transmitters operating in the marine radar 
frequency band which produce distinctive indications on 
the radarscopes of ships within range of these beacons. 
There are two general classes of these beacons: Racon 
which provides both bearing and range information to 
the contact and Ramark which provides bearing informa- 



















tion only. However, if the ramark installation is detected 
as an echo on the radarscope, the range will be available 
also. 


4-203. For the student desiring more information 
concerning RAMARK and RACON, refer to text listed 
in Bibliography section and also the Glossary. 


PART 3 

REVIEW QUESTIONS 


1. What does the word “radar” mean? 

2. What is the basic principle upon which radar is 
based? 

3. What is the speed of radar waves? 

4. Why is marine radar pulse-modulated? 

5. What is meant by range resolution and what factors 
affect it? 

6. What is meant by bearing resolution and what 
factors affect it? 

7. Why is the pulse duration an important factor when 
dealing with minimum range capabilities? 

8. How is effective radar range determined? 

9. Name the major components of the radar. 

10. What are the functions of the TR tube and the 
A-TR tube? 

11. Why must there be a time relationship between the 
transmitter and the CRT? 

12. Give the two wavelengths for Marine Surface Search 
radar and list their appropriate frequencies. 

13. Why do most radars have two pulse repetition rates? 

14. How would you overcome a known blind sector? 

15. What are the initial three control adjustments 
necessary to obtain a presentation on the PPI after 


the set is turned on? 

16. What produces indirect or ghost echoes? 

17. How are second (multiple) trace echoes produced? 

18. What are multiple echoes? 

19. What control(s) are most effective in reducing 
unwanted interference? Sea return? 

20. What is the main advantage of a slotted wave guide 
scanner over a parabolic scanner? 

21. Why is a wide vertical beam width important? 

22. How is gain adjusted on the radar? 

23. What is the primary advantage of a relative stabi¬ 
lized presentation? 

24. What is the principle part of the transmitter and 
what does it do? 

25. What two inputs are necessary for true motion 
radars to function properly? 

26. What causes super refraction? 

27. What is sub refraction? 

28. What part of the scanner should never be painted? 

29. When adjusting the radar, what kind of picture is 
the observer attempting to obtain? 

30. In collision avoidance, what are the disadvantages of 
true motion radar? 
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PART 4 


ACTUAL RADAR PRESENTATIONS 


4-204. Figures 35 to 47 show actual radar presentations 
on 3 cm and 10 cm units with various size scanners. The 
reader should compare pictures, one with the others, for 
greatest appreciation. 



Figure 35 — Best definition on a 3 cm radar set having a 9 ft. antenna. The picture was taken under good weather 
conditions and on a range of 6 miles. Courtesy of Sperry Marine Systems Division 
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Figure 36 — Best definition on a 3 cm radar set having a 9 ft. antenna. The picture was taken under good weather 
conditions and on a range of 3 miles. When taking this picture, the sea clutter was adjusted properly but the sweep line was 
not centered properly (hole) Courtesy Sperry Marine Systems Division 
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Figure 37 — The above picture was taken on a 3 cm radar set having a 9 foot antenna. The set was on a 3 mile scale and 
was without sea clutter adjustment. Courtesy of Sperry Marine Systems Division 
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Figure 39 — This picture of a 10 cm set with 12 foot antenna was taken on a 3 mile scale with too little gain in use. 

Courtesy Sperry Marine Systems Division 
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Figure 41 — This picture, of a 10 cm set with 12 foot antenna, was taken on a 3 mile scale with too much FTC and STC in 
use. Courtesy Sperry Marine Systems Division 


i 
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Figure 42 — This picture, of a 10 cm set with 12 foot antenna, was taken on a 3 mile scale and shows fixed range rings at 
0.5 mile separation. The variable range marker is at 0.7 mile. Courtesy Sperry Marine Systems Division 
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Figure 43 — This picture, of a 10 cm set with 12 foot antenna, shows the use of an electronic cursor for obtaining contact 
bearing. Range setting here is 3 miles. Courtesy Sperry Marine Systems Division 
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Figure 44 — This picture, of a 10 cm set with 12 foot antenna, shows: (1) no fixed range rings, (b) Variable range 
MARKER at 0.7 mile, and (c) electronic cursor at 091° relative. The set is on a 3 mile scale. 

Courtesy Sperry Marine Systems Division 
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Figure 46 — This picture shows best definition on a 10 cm set 
that the picture is off-centered. 
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Figure 47 — Picture of radar set in use while radar simulator is also in operation. Note simulated blind or shadow sector. 
The square shaped contacts are caused by the simulator being somewhat imperfect. 

Courtesy Sperry Marine Systems Division 
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CHAPTER FIVE 
PLOTTING 


5.1 DEFINITION OF PLOTTING 

5-2. Plotting is the graphic displaying of an encounter be¬ 
tween plotter’s “own” ship and one or more other vessels, 
all being within radar range of each other. The plotting 
may be done on paper plotting sheets or on reflection plot¬ 
ters made of plastic or glass. Both methods of plotting will 
be explained fully within Chapters Five through eight. 

5-3. REASONS FOR PLOTTING 

5-4. Plotting has two main purposes. Primarily, it is 
done to determine if risk of collision exists. Secondly, 
where it is found that such risk does exist, it is used in 
an effort to determine the proper and sensible actions 
which could be taken to avoid the casualty. 

5-5. Radar gives early warning information on other 
vessels; provided, of course, the set is in operation, in 
good working order, and a radar watch is being 
maintained. It follows, too, that the earlier plotting is 
undertaken, the greater the opportunity one has to put 
all the radar-obtained information to good use. 

5-6. MOTION 

5-7. In order to understand basic plotting and the 
rationale behind the necessity to plot, the mariner must 
become familiar with the concept of motion. Motion is 
the process or act of changing position. Expressed 
another way, we can say that when a vehicle, such as a 
ship or boat, changes its position with respect to a 
geographical reference, that vehicle is in motion. 

5-8. TRUE MOTION 

5-9. As already explained, all motion is measured from 
some frame of reference. Actual or true motion is 
expressed in terms of direction and rate of movement 
(speed) relative to the earth. For example, a ship sailing 
from San Francisco, bound for Yokohama, illustrates 
the principle of actual or true motion when viewed in 
relation to its ports of departure and arrival. During the 
vessel’s passage, we say that the ship is traveling at a 
particular speed and heading in a specific direction at 
any given time. 

5-10. Figure 48 illustrates the timed movements of two 
ships, “R” and “M” with respect to the earth. This plot, 
similar to the plot made in ordinary chart navigation 
work, is called a geographical or navigation plot. Ship 
“R”, proceeding on a course of 045° at a constant speed, 
passes through successive positions Rl, R2, R3, R4 . . . . 
equally spaced at equal time intervals. Therefore, the 
line segments connecting successive positions represent 
direction and rate of movement with respect to the 


earth. Thus, they are true velocity vectors. Likewise, for 
ship “M”, on a course of 325°, the liiie segments 
connecting the equally spaced plots for equal time 
intervals represents true velocity vectors of ship “M”. 
Although the movement of “R” relative to “M” or “M” 
relative to “R” may be obtained by additional graphical 
construction or by visualizing the changes in bearings 
and distances between plots coordinated in time, the 
geographical plot does not provide a direct presentation 
of the relative movement. 



Figure 48 — True velocity vectors. 

5-11. RELATIVE MOTION 

5-12. Motion may also be expressed in terms of 
direction and rate of movement of one moving vehicle to 
another object, the latter being either stationary or 
moving. This type of position changing is called relative 
motion. It is the combined effect or apparent result of 
viewing one moving vehicle against another object. 

5-13. Everyone demonstrates his understanding of rela¬ 
tive motion while walking, driving, or during other 
locomotion. Sub-consciously, if nothing else, we esti¬ 
mate the apparent speed and direction of other pedes¬ 
trians or vehicles (direction of relative motion and speed 
of relative motion) and adjust our own true direction 
and actual rate of travel to avoid collision. By using the 
many fixed reference points available to us when ashore 
(such as buildings, trees, or fences), our reference to the 
earth is continual, thereby causing our analysis of the 
relative movement involved and the evaluation of the 
true motions of ourself and the other body to be more 
or less automatic. 

5-14. In Figure 49 ship “A”, at geographic position Al, 
on true course of 000° at 15 knots, initially observes ship 
“B” on the PPI bearing 180° at 4 miles. The bearing and 
distance to ship “B” changes as ship A proceeds from 
geographic position Al to A3. The changes in the 
positions of ship “B” relative to ship “A” are illustrated 
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B Bears 104° 
Hist. 5.5 miles 


A Bears 284° 
Dist. 5.5 miles 



Figure 49 — Relative motion between two ships. 


in the successive PPI presentations corresponding to the 
geographic positions of ships “A” and “B”. Likewise, 
ship B, at geographic position Bl, on true course 026° at 
22 knots initially observes ship “A” on the PPI bearing 
000° at 4 miles. The bearing and distance to ship “A” 
changes as ship “B” proceeds from geographic position 
Bl to B3. The changes in the positions of ship “A” 
relative to ship “B” are illustrated in the successive PPI 
presentations corresponding to the geographic positions 
of ships “A” and “B”. 

5-15. If the radar observer aboard ship “A” plots the 



successive positions of ship B relative to his position 
fixed at the center of the PPI, he will obtain a plot called 
the RELATIVE PLOT or RELATIVE MOTION PLOT 
as illustrated in Figure 50. If the radar observer aboard 
ship “B” plots the successive positions of ship “A” 
relative to his position fixed at the center of the PPI, he 
will obtain a relative plot as illustrated in figure 51. The 
radar observer aboard ship “A” will determine that the 
Direction of Relative Movement (DRM) of ship “B” is 
064° whereas the radar observer aboard ship “B” will 
determine that the DRM of ship “A” is 244°. 



Figure 50 — Motion of ship B relative to ship A. 
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Figure 51 — Motion of ship A relative to ship B. 
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5-16. Of primary significance at this point is the fact 
that the motion depicted by the relative plot on each PPI 
is not representative of the true motion or true course 
and speed of the other ship. Figure 52 illustrates the 
actual heading of ship “B” superimposed upon the 
relative plot obtained by ship “A”. Relative motion 
displays do not indicate the aspects of ship targets. 
For either radar observer to determine the true course 
and speed of the ship, additional graphical constructions 
employing relative and true vectors are required. 



Figure 53 — Relative velocity vectors. 


5-17. Figure 53 illustrates the true bearing lines and 
ranges of other ship “M” from own ship “R” shown at 
equal time intervals. On plotting these ranges and 
bearings from a fixed point R, the movement of “M” 
relative to own ship “R” is directly illustrated. The lines 
between the equally spaced plots at equal time intervals 
provide direction and rate of movement of “M” relative 
to “R” and thus are relative velocity vectors. 


(Note that the true velocity vector depicting own ship’s true 
motion is called own ship’s true vector, the true velocity vector 
depicting the other ship’s true motion is called the contact’s true 
vector, and the relative velocity vector depicting the realtive 
motion between own ship and the other ship is called the relative 
motion vector.) 


5-18. COMMENTS ON PLOTTING 


5-19. The mariner, when on the water, is not usually as 
fortunate as the landlubber ashore who, being on the 
land, has the many fixed reference points for working 
with relative motion. True, during clear weather and in 
sight of land, the man conning a ship or boat is able to 
get, through evaluation of relative motion in relation to 
fixed objects, an automatic analysis of the true or actual 
motions set up between himself and other vessel(s). In 
reduced visibility, however, he must rely completely on 
an eye that sees only apparent or relative motion. That 
eye is radar. (These comments, of course, are based on 
the assumption that the radar is providing a relative 
presentation.) Everything that the mariner sees on his 
radarscope (assuming, as before, a relative presentation) 
moves with respect to himself who is at the center. 
Since, with relative presentation, he can show no 
movement for himself at the center, all the relative 
movement he experiences on the radarscope is the direct 
result of both his own true motion and that of other 
objects visible on the radarscope. This relative motion of 
a ship, or the motion of one ship relative to the motion 
of another, is defined in terms of the DIRECTION OF 
RELATIVE MOVEMENT (DRM) and the SPEED OF 
RELATIVE MOVEMENT (SRM). Each form of motion 
may be depicted by a vector; that is, by a line having an 
arrow head at one end. The arrow head represents 
direction while the length of the vector represents 
distance traveled during a time interval (governed, of 
course, by the speed). The mariner must constantly 
remind himself that the apparent direction and speed of 
the object (the relative motion vector) on his radarscope 
is actually the combined course and speed of both 
vessels as they react to one another. Thus, if the mariner 
wishes to know the other vessel’s true course and speed, 
he must subtract his own true motion from the relative 
motion picture he sees on his radar screen. This is best 
accomplished through plotting. In order to obtain a 
comprehensive picture from the radarscope, the mariner 
must first represent his own course and speed with a 
vector representing direction and rate of travel for a 
given time interval. Then, by plotting relative movement 
and relative speed as a vector for the same time interval, 
he can determine the object’s true course and speed 
vector quickly. What are the things we seek to find when 
plotting? Initially, the mariner wishes to know if a close 
quarters situation will develop between his ship and 
other ships (craft) or objects. What constitutes a close 
quarters situation? A close quarters situation may be 
defined as one in which another contact (craft or object) 
comes within “own vessel’s safety or buffer zone.” A 
safety or buffer zone is, of course, the fixed perimeter 
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5-22. KINDS OF PLOTTING 


(circle) about one’s “own” vessel, set by the master, and 
based on maneuverability, sea room, weather and traffic 
conditions. Generally, in open water, experienced ships’ 
officers feel that the safety or buffer zone should be 
1-1/2 to 2 miles minimum. With faster ships, safety or 
buffer zones increase in size to 3, 4, or more miles in 
radius. 

5-20. After a close quarters situation has been found 
through plotting, decisive action should be taken as soon 
as possible; that is, if action is indeed called for at all. 
Before taking action, however, the mariner should 
consider the circumstances of the case and interpret the 
situation. Action(s) may be based in part on the number 
of ships involved, amount of sea room available and 
capabilities of “own” craft. Careful regard should also be 
given to all the Rules of the Road and to the Annex to 
the Rules, if applicable. Early plotting gives sufficient 
time for proper evaluations of situations between craft 
and right actions to be taken, if any. 

5-21. Once a course of action is decided upon and 
executed, vigilant plotting should be continued to ensure 
that the taken action is having the desired results. Thus, 
the mariner must plot in order to get all the information 
available for collision prevention. 


5-23. There are two major kinds of plotting; manual and 
automatic. As its name would suggest, manual 
plotting is the sort done manually; that is, worked out 
with the hands. Automatic plotting, a relatively new 
approach to collision avoidance, is accomplished by 
self-acting, digital, data-processing equipment which is 
interfaced with the radar and provides audible and visual 
threat detection, graphic display or plot, and readouts of 
the parameters of the problems (such as CPA, time of 
CPA, contact’s true course, contact’s actual speed) 
without human thought performance. 

5-24. In the case of manual plotting, there are two 
main subdivisions; namely, transfer plotting and direct 
plotting. Transfer plotting is that kind of manual 
plotting where radar information (bearings and ranges of 
contacts) is transferred from the PPI of a radar set to a 
separate and distinct surface away from the PPI. Pencils, 
crayons, or pens may be used in transfer plotting. 
Maneuvering Board Sheets or Radar Plotting Sheets 
(illustrated in figures 54, 57, and 58) are used in transfer 
plotting. Direct plotting is that kind of manual plotting 
where the work is done right on a special plastic or glass 
surface over the PPI (provided the radar set has a 



Figure 54 — Maneuvering Board. 


- 62 - 






















G 

D 


reflection plotter), using a grease pencil to construct the 
plots. The kind of direct plotting taught at the Maritime 
Administration’s radar schools is entitled Rapid Radar 
Plotting and will be described in detail in chapter eight. 

5-25. AUTOMATIC PLOTTING 


5-26. Several manufacturers are presently offering auto¬ 
matic plotting devices to ship owners. These can be 
divided into two major types which we call automated 
and image-retention systems. Two manufacturers’ equip¬ 
ment (both automated systems) are shown in this man¬ 
ual. (See Figures 55 and 56.) Note that each manufac¬ 
turer uses his own specific terminology to name this 
equipment. 

5-27. Automated Systems (some being fully auto¬ 
mated; others, partially so) use computers to process 
the raw Radar data. Depending on manufacturer and 
model, these systems can track from 12 to 99 contacts. 
They display contacts’ true or relative course vectors as 
well as their C.P.A.’s and times to C.P.A. There are pro¬ 
visions for entering trial evasive maneuvers to determine 
the proper courses of action to take to avoid collisions. 
These systems provide visual, audible or both type 
alarms for warning watch-standing officers that other 
vessels are threatening to collide with their own ships. 

5-28. Image-retention systems use either high- 
persistence cathode ray tubes or electronic devices such 
as video recorders and playbacks. These systems have the 
capacity to retain past positions of contacts on their 
scopes. The vectors developed on their scopes are inter¬ 
preted through the use of parallel cursors and/or elec¬ 
tronic markers and are used to determine such things as 
risk of collision, contacts’ courses, and contacts’ speeds. 
This equipment does not have trial maneuver capabil¬ 
ities. Any “own”-ship maneuvering* ultimately carried 
out must be based on “seaman’s eye” (always remember 
that so called “natural manual technique” depends on 
image-retaining equipment; any approval of “seaman’s 
eye” technique with image-retention systems should not 
be construed as approval for proverbial “eye-balling” 
with conventional equipment) and beforehand knowl¬ 
edge of the effect that the maneuver will have on the 
relative motion of the contact(s). 

5-29. Notwithstanding the fact that most collision 
avoidance systems have excellent capabilities, it will 
continue to be necessary for mariners to Ieam, under¬ 
stand, and improve their capability of manually plotting; 
all, for the following reasons: 

(a) Many ships and other craft will never be 

*Further information on evaluating own-ship maneuvers from 
data obtained through image-retention systems can be found 
in the publication, “Automated Collision Avoidance - A New 
Look at an Old Problem”. (See Bibliography in the back of this 
manual.) 


equipped with collision avoidance systems be¬ 
cause of their high cost. 

(b) As with most other equipment on the bridges 
of ships, collision avoidance systems are subject 
to failure; accordingly, a back-up system (man¬ 
ual plotting) must be available during periods of 
malfunctioning. 

(c) To have a full appreciation and complete 
understanding of all that the automatic system 
is capable of doing, one must first have a full 
understanding of manual plotting. 

5-30. PLOTTING SHEETS 

5-31. Manual plotting has already been defined. It is 
now in order to show the types of plotting sheets which 
are available to mariners for manual plotting. 

5-32. MANEUVERING BOARD SHEETS * 

5-33. The Maneuvering Board, H.O. 2665 Series, print¬ 
ed in green on white, is issued in two sizes, 10 inches and 
20 inches, H.O. 2665-10 and H.O. 2665-20, respectively. 

5-34. H.O. 2665-10, as illustrated in Figure 54, consists 
primarily of a polar diagram having equally spaced 
radials and concentric circles. The radials are printed as 
dotted lines at 10-degree intervals. The 10 fconcentric 
circles are also dotted except for the inner circle and the 
outer complete circle, which has a 10-inch diameter. 
Dotted radials and arcs of concentric circles are printed 
also in the area of the comers of the 10-inch square 
framing the polar diagram, (see figure 54) 

5-35. The 10-inch circle is graduated from 0° at the top, 
through 360° with the graduations at each 10° coinciding 
with the radials. The radials between concentric circles 
are subdivided into 10 equal parts by the dots and small 
crosses from which they are formed. Except for the 
inner circle, the arcs of the concentric circles between 
radials are subdivided into 10 equal parts by the dots 
and small crosses from which they are formed. The inner 
circle is graduated at 5-degree intervals. 

5-36. Thus, except for the inner circle, all concentric 
circles and the arcs of concentric circles beyond the 
outer complete circle are graduated at one-degree 
intervals. 

5-37. In the labeling of the outer complete circle at 
10-degree intervals, the reciprocal values are printed 
inside this circle. For example, the radial labeled as 0° is 
also labeled as 180°. In the left-hand margin there are 
two vertical scales (2:1 and 3:1); in the right-hand margin 
there are two vertical scales (4:1 and 5:1). 

*A representative of the Defense Mapping Agency Hydrographic 
Center indicated recently that new designations and numbers 
will appear on maneuvering board sheets and all radar plotting 
sheets in the future. Readers will do well to check designa¬ 
tions and numbers before ordering these sheets. 
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Figure 55 — Sperry Collision Avoidance System. 

Reproduced by courtesy of Sperry Marine Systems. 
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Figure 57 — Radar Plotting Sheet. 


5-38. A logarithmic time-speed-distance scale and in¬ 
structions for its use are printed at the bottom. 

5-39. H.O. 2665-20 is identical to H.O. 2665-10 except 
for size. There will be no explanation in this manual for 
plotting on this sheet since the Maritime Administration 
no longer recommends the maneuvering board for use 
aboard merchant ships or other commercial craft. It is 
still used on Navy ships. Readers having an interest to 
plot on maneuvering board sheets should consult other 
texts (see bibliography in this manual) which explain 
this method of plotting in detail. 

5-40. RADAR PLOTTING SHEETS * 

5-41. The Radar Plotting Sheet, H.O. 4665 Series, 
printed in both green and black on white, is issued in 
two sizes, 10 inches and 15 inches, H.O. 4665-10 and 
H.O. 4665-15, respectively. H.O. 4665-10 as illustrated 
in Figure 57, consists primarily of four equally spaced 
concentric circles resembling the fixed range rings on a 
PPI. The outer circle, which has a 10-inch diameter, is 
graduated from 0° at the top through 360°, at one degree 
intervals. 

5-42. Four distance scales (corresponding to radar 
range settings of 8, 12, 16, and 20 miles) are in the 
left-hand margin. Two speed scales, having maximum 
values of 40 and 60 knots, are in the right-hand margin. 


5-43. A logarithmic time-speed-distance scale and in¬ 
structions for its use are printed at the bottom. 

5-44. Brief notations pertaining to the use of the 
plotting sheet and spaces for recording data also are 
printed on the plotting sheet. 

545. An explanation is given further along in this 
chapter for using this plotting sheet. 

5-46. RADAR TRANSFER PLOTTING SHEETS 


5-47. The latest type of plotting sheet is the N.O. 5089 
series. It is illustrated in Figure 58. It principally differs 
from the H.O. 4665-10 series radar plotting sheets in the 
following ways: 

(a) There are six (6) instead of four (4) equally 
spaced concentric circles, conforming to the six 
fixed range rings found on modem PPI’s. 

(b) The logarithmic time-speed-distance scale and 
nomogram has been reduced to a logarithmic 
time, speed, and distance scale only. 

(c) One speed scale has been removed. Only the 60 
knot scale was retained. (Since we do not use 
the speed scales with rapid radar plotting, they 
could have removed both speed scales. Perhaps 
in future issues they will do just that.) 

(d) The distance scales correspond to the range 
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Figure 58 — Radar Transfer Plotting Sheet. 


settings of 3, 6, 12, and 24 miles instead of 8, 
12,16, and 20 miles. 

(Note: When using the 24 mile scale, bear in mind that the 
subdivisions are each two (2) miles.) 

5-48. An explanation is given further along in this 
chapter for using the Radar Transfer Plotting Sheet. 

5-49. SOME COMMENTS ON TRANSFER 
PLOTTING 

5-50. Until recently, transfer plotting techniques (trans¬ 
ferring radar information from one surface — the PPI — 
to another surface — the plotting sheet) were given 
primary emphasis in the training of radar observers. 
Studies of the collisions among radar-equipped ships 
have directed attention to the fact that far too many 
mariners, usually trained in transfer plotting techniques 
alone, were not making effective use of their radars; this, 
because of a number of factors, including: 


(1) Watch officers performing multiple duties on 
the navigation bridges of their vessels with little 
or no assistance from others; when engaged in 
these duties, they are often kept from plotting. 

(2) Problems inherent in watch officers making 
transfer plots, such as time lags while measuring 
ranges and bearings of contacts, loss of time in 
transferring data from the PPI to a different 
plotting surface (the plotting sheet), and the 
errors introduced while transferring the data 
from one surface to another (PPI to plotting 
sheet). 

(3) Attention of lone watch officers being distract¬ 
ed from their radar indicators while plotting, 
with subsequent movements of the contacts or 
the appearances of altogether new contacts on 
the PPI’s while recording and constructing 
graphical solutions (plots) on separate plotting 
surfaces (plotting sheets). 

(4) In multiple radar contact situations, the confu- 
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sion and greater probability for blunders that 
are associated with the construction of overlap¬ 
ping vector triangles on the same plotting 
sheets. 

5-51. SOME COMMENTS ON DIRECT PLOTTING 

5-52. Direct plotting, the type of plotting which is 
done directly on the reflection plotter, is a quicker 
method of finding solutions to collision avoidance 
problems than the more cumbersome constructions 
formerly done on plotting sheets. The type of direct 
plotting taught by the Maritime Administration’s radar 
schools, named because of its speed of solution, is called 
Rapid Radar Plotting. 

5-53. Either H.O. 4665 series Radar Plotting Sheets or 
N.O. 5089 series Radar Transfer Plotting Sheets are used 
in the Maritime Administration radar schools for class¬ 


room training prior to doing the actual work on 
reflection plotters. Those who wish to increase their 
plotting skills by working the problems in chapter seven 
may do so by completing them on either type of 
plotting sheet, but preferably on the N.O. 5089 series. 
For those who complain that direct plotting provides no 
permanent record, such as that offered by plotting 
sheets, we have the following comments to offer: 

(1) With proper plotting and, where required, 
appropriate maneuvers carried out, in actual 
practice there would be no need for permanent 
records; this, since there would be no collisions. 

(2) Should a collision take place, however, through 
no fault of “own” ship, the whole reflection 
plotter can easily and quickly be lifted off the 
radar display for introduction into a court of 
law. (A reflection plotter, we believe, could 
even be removed by divers after a ship has been 



Figure 59 — Twelve mile scale in use; all other scales penciled 
out. 
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sunk and, afterward, be brought into a court of 
law.) 

In instances where there is no reflection 
plotter on radar sets aboard ship (regretably the 
case with most vessels in inland service today), 
transfer plotting, using the RAPID RADAR 
PLOTTING TECHNIQUE, can be done on 
plotting sheets. 

5-54. USING THE PLOTTING SHEETS 

5-55. The plotting sheets were designed to facilitate 
off-the-scope plotting (transfer plotting) of radar con¬ 
tacts so that rapid and accurate estimates could be made 
of the elements associated with encounters between two 
or more craft. 

5-56. Th e distance scales on the left side of radar 
plotting sheets are used to measure all distances involved 
in a plotting problem. The largest scale-size possible 
should be used and all other scales on the plotting sheet 
should be penciled out. (see figure 59.) 

5-57. The enlarged numbers on the distance scales 
correspond to the rings on the plotting sheets. These 
rings are helpful in plotting along the Relative Motion 
Line. 

Example: On the 12-mile Distance Scale of the N.O. 
5089 series, each ring is 2 miles. The first ring is 2 
miles, the second ring is 4 miles, et cetera. 

5-58. The Speed Scale(s) on the right side of the radar 
plotting sheets are not used in Rapid Radar Plotting. 

*The correct scale to use is determined by the distance the 
contact lies from “own” ship when first observed. For example, 
if the distance of the first bearing off “own” ship is 11.7 miles, 
use the 12-mile scale. Even where the distance off, on first bear¬ 
ing, is slightly greater than scale in use (say 13 miles when using 
12 mile scale), this presents no problem; plot the contact one 
mile outside the outer-most range ring. The plot will not be dis¬ 
torted in any way. Part of the triangle will be outside the range 
rings and we can tolerate such a situation. 


5-59. LOGARITHMIC TIME, SPEED, AND 
DISTANCE SCALE 

5-60. The logarithmic time, speed, and distance scales, 
found at the bottom of plotting sheets, may be used for 
computing, time, speed, or distance. Given any two of 
the three quantities, the third may be quickly calculated. 
The right leg of a pair of dividers is always time and the 
left leg is either speed or distance, (see figure 60 below.) 

5-61. TO FIND SPEED ON THE LOGARITHMIC 
TIME, SPEED AND DISTANCE SCALE 

5-62. Place the point of the right leg of the dividers on 
the time run and the point of the left leg on the distance 
run in that time. (This gives us the spread of the 
dividers.) Lift the dividers off the paper, maintaining the 
angle between the legs (without changing the spread of 
the dividers) and place the point of the right leg on 60 
(the number of minutes in an hour). The left point of 
the dividers will indicate the speed. 

5-63. TO FIND TIME ON THE LOGARITHMIC 
TIME, SPEED AND DISTANCE SCALE 

5-64. Place the point of the right leg of the dividers on 
60 and the point of the left leg of the dividers on the 
speed. (This gives us the spread of the dividers.) Without 
changing the angle of the legs of the dividers (without 
changing the spread of the dividers) place the point of 
the left leg of the dividers on distance to run and the 
point of the right leg of the dividers will fall on the time. 

5-65. TO FIND DISTANCE ON THE LOGARITHMIC 
TIME, SPEED AND DISTANCE SCALE 

5-66. Place the point of the right leg of the dividers on 
60 and the point of the left leg of the dividers on the 
speed. (This gives us the spread of the dividers.) Without 



Distance Time Speed 60 

Leg Leg Leg Leg 


Figure 60 — The logarithmic time, speed, and distance scale showing 
proper use of dividers and the names given divider legs. 

The time, speed and distance scale is based on the equation: 

Distance = Speed X Time 

Mastery of this scale is essential if it is to be used for solving 
time, speed, and distance problems. 
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changing the angle of the legs of the dividers (without 
, changing the spread of the dividers) place the point of 
the right leg of the dividers on the time to run and the 
point of the left leg of the dividers will fall on the 
distance. 

5-67. To assist the reader in obtaining proficiency in 
the use of the time, speed, and distance scale, the 
following problems are provided: 

TIME, SPEED AND DISTANCE PROBLEMS 


PROBLEM 

DISTANCE 

TIME 

SPEED 

1... 

1 . . . 

6... 

Kts. 

2... 

.3... 

2... 

Kts. 

3... 

2.5 ... 

10. .. 

Kts. 

4... 

2.7 .. . 

12... 

Kts. 

5... 

14... 

50... 

Kts. 

6... 

2... 

6... 

Kts. 

PROBLEM 

DISTANCE 

SPEED 

TIME 

7... 

1... 

8. .. 

Mins. 

8... 

1.6 ... 

20... 

Mins. 

9. .. 

10... 

26. .. 

Mins. 

10... 

9... 

21... 

Mins. 

11... 

12... 

14... 

Mins. 

12... 

6... 

17... 

Mins. 

PROBLEM 

TIME 

SPEED 

DISTANCE 

13... 

10... 

15... 

Mi. 

14... 

45... 

14... 

Mi. 

15... 

6.. . 

19. . . 

Mi. 

16... 

30... 

18.. . 

Mi. 

17... 

17... 

13.5 ... 

Mi. 

18... 

20... 

10... 

Mi. 


5-68. The answers to these problems will be found on 
the last page of this chapter. The reader is urged, 
however, to work out all the problems, using a logarith¬ 
mic time, speed, and distance scale before checking the 
answers against those provided. 

5-69. RADAR PLOTTING SYMBOLS 

5-70. Symbols are signs, letters, or abbreviations used 
to replace words. They are used in mathematics and 
certain sciences to good advantage by reducing the 
amount of space required to explain a thing. Since 
symbols take the place of words and, in effect, form a 
language unto themselves, all users of symbols must be 
acquainted with the words that the symbols replace. 


5-71. In radar plotting, we also use symbols. By doing 
so, we alleviate having to write words, phrases, or 
sentences on PPI’s or plotting sheets to explain things. 
Thus, we confine the markings of these surfaces to the 
absolute minimum. 

Radar Symbol Meaning 

CPA Closest Point of Approach 
DRM Direction of relative movement; DRM is 
always in the directon of M1-*M2-»M3 
e The origin of own ship’s vector (e-r); also, 

the origin of contact’s vector (e-m). 
e-m Contact’s vector (Contact’s true course and 
the distance contact actually travels) 
e-r Own ship’s initial vector (Own ship’s true 
course and the distance own ship actually 
travels) 

e-r' Own ship’s final vector (Own ship’s final 
course and the distance own ship actually 
travels on the final course) 

OC Own ship’s initial course 

m The head of the relative motion vector (r-m); 

also, the head of the contact’s vector (e-m) 
Ml First plotted position of contact 

M2, M3 Later plotted positions of contact 
MX Point of execution; position of contact on 
RML at planned time of own ship’s 
maneuver. 

NRML New Relative Motion Line; the Relative 
Motion Line after own ship has maneuvered 
NRM&RL New Relative Motion and Reference Line; 
New Relative Motion Line advanced to the 
point “m” 

r The head of own ship vector (e-r) 

r' The head of final own ship vector (e-r'); the 

head of own ship vector after course and/or 
speed change 

r-m The relative motion vector 

RML Relative Motion Line 
SRM Speed of Relative Movement 


5-72. The following answers to the logarithmic time, 
speed, and distance problems found on this page are 
provided for the benefit of those persons who have 
worked them all to completion. 


PROBLEM 

SPEED 

PROBLEM 

TIME 

PROBLEM 

DISTANCE 

1 

10 

7 

7.5 

13 

2.5 

2 

9 

8 

4.8 

14 

10.5 

3 

15 

9 

23 

15 

1.9 

4 

13.5 

10 

26 

16 

9 

5 

16.8 

11 

51 

17 

3.8 

6 

20 

12 

21 

18 

3.3 
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CHAPTER SIX 


TRANSFER PLOTTING, 

USING THE RAPID RADAR PLOTTING TECHNIQUE 

6-1. Transfer plotting is employed where reflection chapter five, plotting sheets are employed to work 

plotting surfaces are not available. As described in transfer plotting problems to completion. 

PART 1 

DETERMINING RELATIVE 

MOTION LINE (RML) AND 

CLOSEST POINT OF APPROACH (CPA) 

6-2. Draw own ship’s true course from the center of the label own ship’s course (OC). 
plotting sheet to the periphery of the plotting sheet and 


RADAR TRANSFER PLOTTING SHEET 



umtLiUK utitnst WArrinu niUBUUMmiu (.luilh DEFENSE MAPPING AGENCY HYDROGRAPHIC CENTER 

Washington. OC 20390 Washington. D.C 20390 Radsr Observer. . Dele. 

ATTN Code R Co«ip.i»d Frtru«-y 1973 No D»» v ' 


Figure 61 — Graphic Illustration of EXAMPLE 1 






6-3. Plot the ranges and true bearings of the contact 
(Ml, M2, M3, etc.) as observed on the radarscope and 
record the times that each was noted. (Three and six 
minute intervals between plots simplify calculations on 
the plotting sheet.) (Note: In time, students drop the 
symbols Ml, M2, M3, etc. and show the times of the 
ranges and bearings instead.) 

Note: There should be sufficient plots of the contact to insure 
accurate construction of the RML faired through the plots. 
Should only two plots be made, there would be no means of 
detecting course or speed changes by the other ship. The 
solution is valid only if the other ship maintains course and 
speed constantly. Equal spacing of the plots timed at regular 
intervals and the successive plotting of the relative positions in a 
straight line indicate that the other ship is maintaining constant 
course and speed. 

6-4. Construct the relative motion line by passing a line 
through the plot marks (M1->M3). Extend this line well 
past the center of the plotting sheet; never be stingy on 
the length of this line. Label this line RML and 
terminate it with an arrowhead that points in the 
direction of relative motion (DRM). 

6-5. From the center of the plotting sheet construct a 
line perpendicular to the RML and label the intersection 


CPA. This indicates the closest point of approach. CPA 
bearing can be readily obtained, using the azimuth ring 
of the plotting sheet in the same fashion as though it was 
a compass rose. 

6-6. EXAMPLE 1 

6-7. With own ship on course 070° and the radar set on 
the 12-mile scale, a contact is observed as follows: 


TIME 

BEARING 

RANGE 

1000 

050° 

9.0 miles 

1006 

049° 

7.5 miles 

1012 

047° 

6.0 miles 


Required: 

(1) Direction of relative movement (DRM). 

(2) Closest Point of Approach (CPA). 

(3) Bearing of CPA. 

Answers: 

(1) DRM-236° 

(2) CPA-0.9 mile 

(3) 0 of CPA - 326° 

See figure 61 for graphic illustration of EXAMPLE 

1 . 


PART 2 

DETERMINING RELATIVE SPEED 


6-8. Measure the distance from the first plotted posi¬ 
tion of contact (Ml) to the last plotted position of 
contact (M3) with a pair of dividers. 

6-9. Without changing the spread of the dividers (with¬ 
out changing the angle between the legs of the dividers), 
bring them to the distance scale in use on the plotting 
sheet and measure this distance. 

6-10. Note the time intervals between the plots. 

6-11. These two measurements (distance and time) are 
then introduced into the logarithmic time, speed, and 


distance scale, as described in chapter five, to obtain 
speed of relative movement (SRM). 

6-12. EXAMPLE 2 


6-13. In this example, courses, speeds, times, bearings 
and ranges are exactly as shown in EXAMPLE 1. 
Required: 

Speed of Relative Motion. 

Answer: 

SRM —15 knots 

See Figure 62 for graphic illustration of EXAMPLE 

2 . 
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Figure 62 — Graphic Illustration of EXAMPLE 2. 


PART 3 

DETERMINING TIME OF CLOSEST 
POINT OF APPROACH 


6-14. Measure the distance along the RML, from the 
last contact plot (M3) to CPA. 

6-15. With the relative speed already determined (see 
EXAMPLE 2), calculate the time interval necessary for 
contact to arrive at CPA. 

6-16. Add the time interval thus found (step 2) to the 
time of last contact plot (M3). This will be the time of 
CPA. 

Notes: (A.) a rapid estimate can be made by stepping off 
6-minute intervals along the RML from the M3 to the CPA. (B.) 


Own ship is always at the center of the sheet and may be 
illustrated by drawing the outline of a ship, headed on own 
course line. Clearance, if any, whether ahead, astern, or abeam, 
depends on how the RML runs in relation to own ship. If RML 
crosses own course line, this is the crossing distance and indicates 
how far the contact will clear dead ahead. 

6-17. EXAMPLE 3 

6-18. In this example, courses, speeds, times, bearings 
and ranges are exactly as shown in EXAMPLE 1. 
Required: 

(1) Time of CPA. 
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Radar Observer 


Figure 63— Graphic Illustration of EXAMPLE 3. 


(2) In this problem, will the contact pass ahead 
or astern of own ship? 

Answer: 

(1) Time of CPA-1036. 


(2) Neither. The contact will pass on own 
ship’s port side. 


PART 4 


THE FIRST VECTOR TRIANGLE 


(DETERMINING CONTACT’S TRUE 
COURSE AND SPEED) 


6-19. Draw own ship’s initial true vector (e-r). This line* 
(e-r) parallels own course line (OC), extending itself to 
the first contact plot (Ml). The head of this vector 
extends itself in the same direction as OC. Place arrow¬ 
head at Ml on this vector and label the point “r”. 


6-20. Using own ship’s speed and the elapsed time 
between Ml-^MS, compute actual distance own ship runs 
in that time interval. The logarithmic time, speed, and 
distance scale can be used for this purpose. 
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6-21. Using the same distance scale as that used when 
making the Ml, M2, M3 plots, pick off the distance our 
ship actually ran (step 2). With dividers, transfer this 
measurement, starting at the point “r” and extending it 
along the PARALLEL LINE, marking it and label the 
point “e”. (Note: Two sides of the vector triangle have 
been formed up to this point. Side 1 is the RML from 
Ml to M3 and beyond. Side 2 is own ship’s course and 
actual distance run; i.e., the vector e-r.) 

6-22. The remaining side of the vector triangle (side 3) 
is then formed by connecting the point “e” to the point 
M3 and label this “m”. Terminate the vector e-m with an 
arrowhead that points toward “m”. This is the contact’s 
true course and actual distance run in the time interval 
between M1->M3. The contact always travels in a direc¬ 
tion from point “e” to point “m”. 

6-23. Walk the contact’s true course to the center of 
the plotting sheet and read same on the azimuth ring of 


the plotting sheet in the same fashion as though it was a 
compass rose. 

6-24. The contact’s speed may be calculated by first 
measuring the distance between points “e” and “m”. 
This is the distance run by the contact in the time 
interval M1-*M3. Compute this actual speed using the 
logarithmic time, speed, and distance scale. 

Note: Regardless of how the triangle is drawn, point “e” is 
always our principal objective in the First Vector solution. 

Remember: 

e^r is our course and distance run. 

e-*n is contact’s course and distance run. 

r->m is relative motion (direction and distance run). 

6-25. EXAMPLE 4 

6-26. Our own ship is on a course of 000 true 0 , speed 
11 knots. Our radar set is on the 12 mile scale. A contact 
is observed as follows: 
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TIME 

BEARING 

RANGE 

0603 

060° 

11.0 miles 

0609 

059° 

9.5 miles 

0615 

058° 

8.0 miles 


Required: 

(1) Contact’s true course 


(2) Contact’s actual speed 
Answer: 

(1) Contact’s true course — 289°. 

(2) Contact’s actual speed — 14.5 knots. 

See figure 64 for graphic illustration of EXAMPLE 
4. 


PART 5 

SPECIAL SITUATIONS WITH FIRST 
VECTOR TRIANGLES 


6-27. In cases where contacts are on opposite courses 
to our own ship’s course (meeting situations) or on the 
same courses as our own ship but at slower speeds 
(overtaking situations), the relative motion lines will be 
parallel to own course line. In order to solve these 
problems, we still must proceed in the same manner as 


with the conventional Vector Triangle; that is, parallel 
own course line to Ml, etc. Own course line will, in 
these cases, fall on top of the RML. We then proceed to 
calculate distance own ship runs in the time interval 
M1^M3, and lay this distance off from Ml along own 
course line; which, in situations like these, is also the 
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relative motion line. The point thus determined is the 
point “e”. If the point “e” falls between the first and 
last bearing, the contact is on an opposite course to our 
own. In case point “e” falls between the last bearing and 
our own ship, the contact is on the same course as own 
ship but proceeding along at a slower speed than our 
own ship. If point “e” falls on top of the last bearing, 
then the contact is stationary or, if a vessel, dead in the 
water or nearly so. In these latter cases, there are no 
speeds and, of course, no courses. 

Note: Always keep in mind, no matter what shape the triangle 
takes, or if there is no triangle at all (flattened triangle), that 
own ship travels from “e” to the First bearing and the contact 
moves from “e” to the last bearing. 

6-28. EXAMPLE 5 

6-29. Our own ship is on a course of 000° true, speed 
10 knots. Contacts are observed as follows: 

Time Contact A: Contact B: Contact C: 

0603 351°-10.0 mi. 320°-7.2mi. 018°-10.0 mi. 

0609 350°- 9.0 mi. 317°-6.8 mi. 023°- 7.8 mi. 

0615 349°- 8.0 mi. 314°-6.5 mi. 033°- 5.7 mi. 

Required: 

What are the courses and actual speeds of the 
three contacts? 

Answers: 

(1) Contact “A” is dead in the water or nearly 
so (that is, if the contact is a vessel), or a 
stationary object. If it is a vessel dead in 
the water, it will not be able to steer a 
course. With radar alone, we would not be 
able to tell, of course, the heading of such 
a vessel. 

(2) Contact “B” is on a course of 000° and 
has an actual speed of 5 knots. 

(3) Contact “C” is on a course of 180° and has 
an actual speed of 13 knots. 


See figure 65 for graphic illustration of EXAMPLE 5. 


FACTORS TO CONSIDER IN ESTABLISHING 
A SAFE CPA 

1. Rules of the Road. 

This covers traffic in the area — which vessel is burdened 
or privileged — whether the target should pass in front 
or astern of own ship — determining which vessel is most 
dangerous. 

2. Own vessel’s characteristics 

Size, speed, tonnage, stopping distance, turning circle, 
maneuverability, type vessel, GM, automated, bridge 
control of engine, draft, cargo. 

3. Geography 

Shoals in area, obstructions of any kind, oil rigs about, 
depth of water, limitations because of adjacent land, 
wrecks. 

4. Weather — air 

Visibility, fog mist, rain, falling snow, rainstorms. 

5. Weather — sea 

Rough or smooth, currents, set. 

6. Miscellaneous 

Other vessel’s characteristics; type; towing or not; push¬ 
er; relative speed and relative course, type of cargo; 
when is M x execution point. 


PART 6 


THE SECOND VECTOR TRIANGLE 
(DETERMINING OWN SHIP’S COURSE AND/OR SPEED CHANGE(S)) 

6-30. CHANGE OF COURSE PROBLEMS original speed so as to reduce risk of collision. The steps, 

as explained below, can be followed on figure 66. 
6-31. Note that, in all cases, the FIRST VECTOR (Changes of speed and changes of both speed and course 

TRIANGLE must be completed before starting the will be explained further on:) 

SECOND VECTOR TRIANGLE. 

6-33. Locate and mark the Point of Execution (MX). 
6-32. The following step by step explanation will This is the assumed position of the contact at the time 
provide the reader with a process for determining the the course change is to be made. So long as all vessels 

course change for own ship to make while holding maintain original courses and speeds, the contact con- 
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Figure 66 — Graphic Illustration of EXAMPLE 6. 

Note: Another possible course change in this instance, without made to the right. Too, if we had changed course to 294° instead 
changing speed, would have been 294°. To have made this of 054°, it would have taken the contact over an hour more of 
maneuver, however, it would have been necessary for us to come time to come abeam of own ship, 
left and, in this problem, we looked for course change to be 


tinues along the original RML and will arrive at the MX 
as predicted. 

Note: There are two methods of choosing the point of execution 
(MX). One is by arbitrarily selecting some distance off own 
ship at which the maneuver will take place. The other is by 
picking a time for the event to happen. In the case of the latter, 
work up the time interval between the last plot and the time of 
MX; then with the Speed of Relative Movement and that time 
interval found, compute the distance ahead, along the RML, 
from the last plot (M3). 

6-34. With a drawing compass, scribe a circle around 
the center of the plotting sheet such that its radius is 
equal to the selected safety or buffer zone. 

Note: If the chosen safety or buffer zone is with a radius 
corresponding to one of the plotting sheet rings, it obviously is 
not necessary to draw the circle with a drawing compass; this, 
since the ring is already scribed. 

6-35. Draw in a New Relative Motion Line, starting at 


MX and extending outward, tangent to the buffer zone 
circle on the side you want the contact to pass. Make 
the line long enough for the purpose intended. 

Note: Label this line NRML. Two such tangent lines (NRML’S) 
are possible. These would allow contact to pass either ahead or 
astern, as the case may be, or passage on the port or starboard 
side. Logic, Rules of the Road, and prevailing conditions 
would dictate which one should be used. 

6-36. With parallel rulers or a pair of right triangles, 
walk the NRML up to the last plot (the point “m”) and 
lay down a new line that is parallel to the NRML, 
extending outward (away from the center of the plotting" 
sheet), terminating at the last plot (point m) and of 
sufficient length that it will serve the purpose. This is 
called the New Relative Motion and Reference Line. As 
such, it is the reference line for all course changes. 

Note: Label this line NRM and RL. 
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6-37. Since, in these problems, we assume that the 
contact maintains course and speed, the contact’s 
original true vector (that is, the e-m vector of the FIRST 
VECTOR TRIANGLE) remains the e-m vector for the 
SECOND VECTOR TRIANGLE. We can say, then, that 
one side of the FIRST VECTOR TRIANGLE (e-m) is 
employed as one side of the SECOND VECTOR 
TRIANGLE (e-m). 

6-38. Place the metal point of the drawing compass at 
point “e” of the FIRST VECTOR TRIANGLE and the 
pencil point of the same drawing compass at point r of 
FIRST VECTOR TRIANGLE; then, with the drawing 
compass spread to this angle, draw an arc (equal to e-r) 
that intersects the NRM and RL. Where the two 
intersect, label the point r'. The vector e-r' becomes the 
second side of the SECOND VECTOR TRIANGLE. 

Note: In many instances, the arc’s radius can intersect the NRM 
and RL line at two places. When this happens, two (2) course 
changes are possible. Either course change will, of course, yield 
the sa’ne safety or buffer zone. The course generally selected in 
these instances is the one which gives the greater new relative 
speed. 

6-39. Although previously solved in the first vector 
triangle, the third side of the SECOND VECTOR TRI¬ 
ANGLE is formed by drawing a line (vector) from the 
point “e” to the point “m” (the vector e-m). Place an 
arrow-head on this vector, pointing toward “m”; in this 
way, confusion will not occur insofar as the correct 
direction of this vector is concerned. The direction of 
the vector e-m represents the true course of the contact. 
To determine this course, walk the vector e-m to the 
center of the plotting sheet (similar to walking a bearing 
line to the compass rose of a chart) and note same. 


6-40. Measure the length of the vector e-m and, with 
the time between the first and last plots of the contacts 
(M1->M3), enter the logarithmic time, speed, and distance 
scale and pick out the contact’s actual speed. 

6-41. EXAMPLE 6 (AN EXTENSION OF EXAMPLE 4) 


6-42. Our own ship is on a course of 000° true, speed 
11 knots. A contact is observed as follows: 


TIME 

BEARING 

RANGE 

0603 

060° 

11.0 miles 

0609 

059° 

9.5 miles 

0615 

058° 

8.0 miles 


6-43. Since the bearings of the contact are not changing 
rapidly, it is evident that some action will have to be 
taken if collision or near-collision is to be avoided. 


6-44. We learned, from Example 4, that the true course 


of contact is 289° and its actual speed is 14.5 knots. 
Extending this same problem a step further, let us say 
that the mariner conning own ship plans: (a) a safety 
zone of 3 miles, (b) a course change when contact’s 
range decreases to 6 miles, and (c) a course change to the 
right so that the contact clears ahead. 

Required: 

What will be own ship’s new course? 

Answer: 

(Own Ship’s new course will be 054°.) 

(See figure 66 ). 


6-45. CHANGE OF SPEED PROBLEMS 


6-46. Once we have set up the SECOND VECTOR 
TRIANGLE as explained earlier and found the course 
change required to reduce risk of collision, we might 
find that the course change cannot be made after all. 
This may be due to navigational hazards in the area or 
impeding vessels arriving on the scene. In these instances, 
the only alternative may be a change in speed. In such 
cases, we measure the new own ship vector (e-r') from 
the point “e” to where the original own ship vector 
intersects the NRM and Ref line, labeling the latter point 
“r f ”. Convert this distance into the new speed. 

Note: In those cases where, during construction of the SECOND 
VECTOR TRIANGLE, the e-r vector is too short to intersect the 
NRM and RL, the e-r vector should be extended (lengthened) to 
where it does intersect that line. Convert the length of this new 
e-r vector to the new speed required.) 


6-47. EXAMPLE 7 (AN EXTENSION OF EXAMPLE 6 ) 


6-48. We learned, in Example 6, that own ship’s course 
could be changed to either 054° or 294°. However, there 
is a reef to starboard and three additional ships to port 
that prevent either course changes. 

Required: 

What other course of action could be taken? 

Answer: 

Reduce speed to 5.2 knots. (Eye-balling Figure 
67, the reader should see that the e-r' (new) 
vector is about one-half the length of the e-r 
(original) vector.) 


6-49. CHANGE OF SPEED AND COURSE PROBLEMS 

6-50. To change both the speed and course of own 
ship, the problem should be resolved as follows: 
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(a) Determine what the new speed of own ship 
should be. 

(b) Determine the distance own ship will travel at 
the new speed for the same time interval. 

(c) Open the drawing compass to the distance 
determined in (b). 

(d) With the point of the drawing compass on the 
point “e”, scribe an arc which will become the 
vector e-r'. 

(e) Where the arc intersects the NRM and RL, 
mark the point “r'” 

(f) The direction of the vector e-r' is the new 
course. 


6-51. EXAMPLE 8 (A FURTHER EXTENSION OF 
EXAMPLE 6) 

6-52. Instead of continuing own ship at a speed of 11 
knots and instead of changing course to either 054° or 
294°, we decide to increase speed to 15 knots. 

Required: 

What course change will have to be made so 
that, at 15 knots, the CPA will continue to be 3 
miles? 

Answer: 

065° true. 

See figure 68 on preceding page for graphic illustra¬ 
tion of EXAMPLE 8. 



Figure 67 — Graphic illustration of Example 7 
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6-53. Determining New Closest Point of Approach 
(CPA), when own ship changes course or speed. 

A. To determine new CPA, when “own” ship 

changes course: 

1. Parallel new course line to point (e) and 
draw a line from (e) in the same direction 
as new course. 

2. Transfer our original distance run(er) to this 
line and label the head of the new course 
line r'. 

3. Draw NRM & RL from point (r'j to point 
(m). 

4. Parallel NRM & RL to Mx. Draw NRML 


from Mx in the same direction. 

5. Drop perpendicular line from center to 
NRML for the new CPA. 

B. To determine new CPA, when “own” ship 

maintains course but changes speed: 

1. Calculate new distance run, using new speed 
and the time interval between first and last 
bearing (in the original triangle). 

2. Lay off this new distance run from point (e) 
along our course line (er) and label the head 
of this new distance run (r'). 

3. Follow the same procedures in steps 3, 4 
and 5 above, to find new CPA. 



Figure 68 — Graphic Illustration of EXAMPLE 8. 
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Figure 69 

Answers to questions in above illustration: 

1. “B” 

2. 349° 

3. CPA “A” 1.3 miles 
CPA “C” .4 mile 

4. Change course to 041° with vessel “B” clearing 4.1 
miles on our port side. Vessel “C” will then clear 2.0 
miles to port and vessel “A” will move very slowly in a 
Northerly direction. 














































































CHAPTER SEVEN 


TRANSFER PLOTTING PROBLEMS 


7-1. The following problems are presented in an effort 
to give the reader practice in transfer radar plotting. 
Being “canned” problems, they obviously can not be 
worked out by direct plotting ... a technique that will 
be explained in Chapter Eight. The reader should aspire 
to eventually do all shipboard plotting on reflection 
plotters; however, until such surfaces are available to 
him, he must do all plotting on plotting sheets. 
Furthermore, one must first have a thorough under¬ 
standing of transfer plotting before graduating to direct 
plotting. 


(c) What is the true bearing and distance of the 
CPA (Closest Point of Approach) from our own 
ship? 

o J * 

Answers: T/3>b _ 

(d) What is the distance to go from the 0422 (last) 
plotted position of the radar contact to the 
CPA? 

Answer:_4i^_ 


7-2. In working out the transfer plotting problems found 
on the following pages, employ the Rapid Radar 
Technique explained in Chapter Six. 


(e) What should be the time of CPA? 
Answer: 0^4°^ _ 


7-3. Since this manual is directed to inland mariners as 
well as those who have been, or will be, in Ocean, 
Coastwise, or Great Lakes service, some problems will be 
fit for inland waters only. They will be quickly 
recognized. Too, where speeds of 30 knots or more are 
provided in problems, such exercises were designed with 
the “deep sea” men in mind. Regardless of the waters 
over which you will sail, work as many of these 
problems as you are able. Practice makes perfect. All 
mariners should look for perfection. Answers to the 
problems will be found on pages 92 through 94. Before 
peeking at answers, work problems to completion. In 
this way, you will discourage unconscious cheating. If, 
after working out and checking the answers to a 
problem, you find that your answers do not resemble 
those listed, capsize the plotting sheet and work the 
problem again on the reverse of the plotting sheet. 


7-4. Our own ship is on a course of 000° true and its 
speed is 12 knots. At the times shown below, a radar 
contact was observed on the following bearings and at 
the listed ranges: 


Time: 

Bearing (True): 

Range: 

0410 

035° 

11.1 miles 

0416 

031° 

9.2 miles 

0422 

025° 

7.3 miles 


Assuming that our own ship and contact (other vessel) 
maintain course and speed: 

(a) What is the distance which the contact will cross 
dead ahead of our own ship? 

. - f 

Answer: ^ - _ 

(b) What is the direction of relative motion and the 
speed of relative motion set up by the two 
vessels? 


(f) What is the distance our own ship travels in the 
time frame between the first (0410) and last 
(0422) plots of the contact? 


Answer: 


. 2.4\ J 


(g) What is the true course of the contact? 

o 

Answer: - ^ _ 


(h) What distance, if any, was run by the contact in 
the time frame 0410 to 0422? 

Answer: 3i SB _ 

(i) What was the speed of the contact, if underway 
and with way on? 

Answer: ( SW* _. 


7-5. Our own ship is on a course of 030° true and its 
speed is 23 knots. At the times shown below, a radar 
contact was observed on the following bearings and at 
the listed ranges: 


Time: 

Bearing (true) 

Range: 

1020 

081° 

10.8 miles 

1023 

082° 

9.2 miles 

1026 

083° 

7.7 miles 


Assuming that our own ship and the contact maintain 
course and speed: 

(a) What will be the bearing and range of the CPA 
from our own ship? 

Answer: I k ° T / *_ 


(b) What is the relative speed? 


Answers: f/zahTs 


Answer: JL±J£l 
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(c) What will be the time of CPA? 

, 1 

Answer: J . ° _ 

(d) What distance will our ship run in six minutes? 

Answer: 3 _ 

(e) What is the true course of the contact? 

Answer: T _ 

(f) What distance, if any, was run by the contact in 
the time frame 1020 to 1026? 

Answer? _ 

(g) What was the speed of the contact (the other 
ship)? 

Answer: 2 Sfcts _ 

(h) Under the Rules of the Road, may sidelights be 
exhibited during daylight hours when visibility 
is reduced by inclement weather? 

Answer:. J&i_ 

(i) What side light(s) would you see at CPA from 
own ship provided you could see the contact’s 
side light(s)? 

Answer: (yr'eet^ _ 

7-6. Our ship is on a course of 000° true and its speed is 
11 knots. At the times shown below, a radar contact was 
observed on the following bearings and at the listed 
ranges: 


Time: 

Bearing: 

Range: 

1100 

080° 

12.0 miles 

1106 

080° 

10.8 miles 

1112 

080° 

9.6 miles 


Assuming that our own ship and contact maintain course 
and speed: 

(a) What will be the CPA? 

i 

Answer:_ — _ 


It is ultimately decided to change course so as to allow 
the contact to clear ahead with a CPA of 2 miles. The 
course change will be made when the range of the 
contact decreases to 6 miles. 

(e) What will be the new course for our ship to 
steer? 

Answer: O^All _ 

(f) What will be the new relative speed after the 
course is changed? 

Answer: -- 

(g) Explain the International Rule which dictates 
the above maneuver. 

Answer: ! ' r £- 


(h) Explain what whistle signal(s), if any, you 
would use in the above situation if you were 
steaming ahead on own ship in a fog with 
visibility of only one (1) mile? 

Answer: U -. 


(i) What do you think about the speed given in this 
problem considering the visibility mentioned in 
question (h) above? 

Answer: _ 

7-7. Your own ship is on a course of 220° true, speed 
12 knots, when you notice a pip on your radar scope. At 
the times shown below, the radar contact is observed on 


the following bearings and at the listed ranges: 


Time: 

Bearing: 

Range: 

0300 

297° 

11.7 miles 

0306 

296° 

10.0 miles 

0312 

295° 

8.5 miles 


Assuming that own ship and the contact will maintain 
course and speed: 


(b) What will be the relative speed? 

Answer: * * _ 

(c) What will be the time of CPA? 

Answer: ^ ^ v _ 

(d) What is the contact’s true course? 

Answer: T _ 


(a) What will be the CPA? 

Answer:— 2 1 ^ '"/il-- 

(b) What will be the relative Speed? 

Answer:-- 

(c) What will be the time of CPA? 

Answer:_^ P ^ ~- 
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(d) What is the contact’s true course? 

Answer: _Lk!_J_ 


It is ultimately decided to change course on our ship so 
that the contact will clear ahead of us, in minimum time, 
with a CPA of 3 miles. The course change will take place 
when the contact’s range decreases to 6 miles. 

(e) What course change order should be given to 
the helmsman? 

Answer: _~ 0 ?' ^ ’ _ 

(f) What will be the new relative speed after the 
course is changed? 

Answer: ^ 7* S _ 

(g) If your ship is steaming in a fog with a visibility 
of 2 miles, what signal would you sound when 
you altered the course? 

Answer: jP £ fVuJ ft Y _ 


7-8. Our own ship’s initial course is 316° and it is 
traveling at a speed of 21 knots. A radar contact was 
observed and plotted on the following bearings and 
ranges: 


Time: 

Bearing: 

Range: 

1206 

357° 

11.8 miles 

1212 

358° 

10.2 miles 

1218 

359° 

8.7 miles 


Assuming that both our ship and contact maintain 
course and speed: 

(a) What will be the closest point of approach? 

Answer:—!_ 

(b) What will be the relative speed? 

1C 1 

Answer:_ 

(c) What is the contact’s true course? 

Answer:_ 

(d) What is the contact’s speed? 

Answer:_ 

It is ultimately decided to change course so that the 
contact will clear ahead in minimum time and with a 
CPA of 3 miles. The course change will be made when 
the range of the contact decreases to 6 miles. 


(e) What will be the new course for our ship? 

Answer: _ 

7-9. Own ship’s course is 000°, speed 10 knots. At the 
times shown below, a pip on the radar PPI was observed 
and plotted as follows: 


Time: 

Bearing: 

Range: 

0400 

010° 

11.1 miles 

0406 

010° 

9.0 miles 

0412 

010° 

7.1 miles 


Assuming that both own ship and contact maintain 
course and speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What could we expect to happen at CPA in this 
particular problem? 

Answer:_ 

(c) What is the relative speed? 

Answer:_ 

(d) What will be the time of CPA? 

Answer:_ 

(e) What is the contact’s course? 

Answer: _ 

(f) What is the contact’s speed? 

Answer:__ 

It is eventually decided to change course at 0418: 

(g) What will be the new course for own ship to 
steer if the contact is to clear ahead (on our 
port side) with a CPA of 2 miles? 

Answer:- 

(h) If you are steaming in clear weather, which 
rules of the road apply in this situation? 

Answer:__ 


7-10. Our own ship’s course is 340° true. Our own 
ship’s speed is 22 knots. A pip is observed on the radar 
scope. At 0412, the conning officer plots the contact 
bearing 320°, distance 10.7 miles. Six minutes later, the 
conning officer plots the contact bearing 321°, distance 
8.4 miles. If the “own” ship and contact both maintain 
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original course and speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What is the contact’s true course? 

Answer:_ 

(c) What is the contact’s speed? 

Answer:_ 

The conning officer of “own” ship decides to change 
course: 

(d) What will be the new course if that conning 
officer decides to make the course change at 
0424 so that the ship clears 3 miles off to port? 


Answer: 


7-11. Our own ship’s course is 052° true. Our own ship 
is traveling at a speed of 15 knots. A contact is observed 
and plotted on the radar scope as follows: 


Time: 

Bearing: 

Range: 

0340 

052° 

14.9 miles 

0346 

052° 

11.6 miles 

0352 

052° 

8.3 miles 

Assuming that own 
course and speed: 

ship and 

contact both maintain 

(a) What will be the CPA? 



Answer: _ 

(b) What is the contact’s course? 

Answer :Jr22J_ 

(c) Assuming no other vessels in the area and that 
the contact is a large passenger ship and visible 
to the naked eye at 0352, is this a crossing, 
meeting, or overtaking situation? 

\ 

Answer: ftW* " f _ 

(d) What is the contact’s speed, if any? 

Answer: _ 

It is decided, by the person conning own ship, that he 
will change course when the range of the contact 
decreases to 6 miles. 

(e) What will be own ship’s new course if it is to 
clear the contact, port to port, with a 3 mile 


danger (buffer) zone? 

Answer:_ 

7-12. Our own course is 070° true, our speed 16 knots. 


A radar contact is plotted as follows: 


Time: 

Bearing: 

Range: 

0306 

015° 

10.8 miles 

0312 

016° 

8.3 miles 

0318 

017° 

5.9 miles 


Assuming own ship and contact both maintain course 
and speed: 

(a) What will be the CPA? 

Answer:_!2_£- 

(b) What will be the time of CPA? 

(L 

Answer: °^ y/ _ 

(c) What is the course being maintained by the 
contact? 

o 

Answer: J % LI __ 

(d) What speed is being maintained by the contact? 

Answer:_ 

(e) Considering the speed of both vessels, would 
you think the CPA in this problem (at least 
initially) is sufficient for normal “open water” 
(non-restrictive) passing of vessels? 

Answer: _ 


It is decided to allow the contact to clear ahead at a 
distance of 3 miles off: 

(f) How can this be done, at a time when the range 
of the contact drops to 5 miles, without 
changing the initial course? 

Answer: _ 


7-13. Our own ship’s course is 066°, speed 15 knots. At 
the times shown below, a radar contact was observed on 
the PPI (radar scope) on the following bearings and 
ranges: 

Time: Bearing: Distance: 

0213 055° 5.8 miles 

0219 045° 3.1 miles 

Assuming that both ships maintain course and speed: 
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(a) What will be the bearing and range of CPA? 

Answer:_ 

(b) What is the relative speed and relative direction 
set up by the two vessels? 

Answer:_ 

(c) What is the distance from the last (0219) plot 
to the CPA? 

Answer:_ 

(d) What will be the time of CPA? 

Answer:_ 

(e) What is the true course of the other ship? 

Answer:_ 

(f) What is the speed (speed over the ground) of 
the other ship, if it is indeed underway and 
with way on? 

Answer:_ 

7-14. Our own ship’s course is 093°, speed 18 knots. At 
the times shown below, a radar contact was observed on 


the following bearings and ranges: 


Time: 

Bearing: 

Distance: 

0452 

112° 

5.9 miles 

0458 

120° 

4.2 miles 

0504 

137° 

2.7 miles 


Assuming our own ship and contact maintain same 
course and speed: 

(a) At what distance will the contact be when at 
CPA? 

Answer:_ 

(b) What relative distance was run between the first 
and third plots? 

Answer:_ 

(c) What relative speed and direction is set up by 
our ship and contact? 

Answer:_ 

(d) How far did our own ship travel in the time 
frame 0452 to 0504? 

Answer:_ 


(e) What was the contact’s true course and speed? 

Answer:-- 

(f) What running light(s), if any, would you see on 
the contact when examining same visually? 

Answer:_ 


7-15. In clear weather, our own ship is on a course of 
141° and steaming at 31 knots. At the times listed 
below, a contact is observed on the following bearings 
and at the following ranges (distances) by radar: 

Time: Bearing: Distance: 

1220 150° 10.8 miles 

1230 153° 7.7 miles 

For practice purposes, we plot and interpret the plots, 
using the radar and plotting sheet. 

Assuming that our ship and the contact maintain courses 
and speeds. 

(a) What is the bearing and range of the CPA? 

Answer:__ 

(b) What is the direction of the relative motion? 

Answer:- 

(c) What will be the time of CPA? 

Answer:- 

(d) What is the contact’s true course? 

Answer:__ 

(e) What is the contact’s speed? 

Answer:_ 

7-16. Own ship is on course 045° true, speed 15 knots. 
The following bearings and ranges of a contact were 
noted at the times listed below: 


Time: 

Bearing: 

Range: 

1000 

120° 

15.0 miles 

1012 

120° 

11.0 miles 

1018 

120° 

9.0 miles 


(a) If own ship and contact maintained course and 
speed, when (at what time?) could we expect 
collision to occur? 

Answer:- 

(b) What is the contact’s true course at 1018? 

Answer:- 
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(c) What is the contact’s actual speed during the 
period 1000-1018? 

Answer:_ 

(d) It is decided to alter course so that the contact 
will clear ahead in minimum time and with a 
CPA of 2 miles. The course change is to be 
made when the range of the contact drops to 
seven miles. What will be the new course? 

Answer:- 

(e) What will be the time of course change? 

Answer:_ 

(f) What will be the time of new CPA? 

Answer:_ 

(g) Assuming that own ship maintains the new 
course long enough, the contact maintains its 
original course, and both ships maintain their 
original speeds, what will be the time that 
contact will be abeam to port of own ship? 

Answer:_ 


were as described in question (d) above? 

Answer:_ 

7-18. Own ship, while on a course of 315° true and 
traveling at a speed of 11 knots, obtains the following 
bearings and ranges of the same radar contact at the 
times indicated: 


Time: 

Bearing: 

Range: 

0405 

319° 

17.8 miles 

0417 

320° 

15.6 miles 

0429 

321° 

13.4 miles 


(a) The Master of own ship ordered all safety or 
buffer zones to be 3 miles or greater; according¬ 
ly, would you consider this to be a close 
quarters situation if contact and own ship 
maintained original courses and speeds? 

Answer:_ 


(b) What is contact doing insofar as speed is 
concerned? 

Answer:_. 


7-17. Own ship course 355° true, speed 12 knots. The 
following radar bearings and ranges of a contact were 
noted at the times indicated: 


Time: 

Bearing: 

Range: 

1015 

055° 

12.0 miles 

1027 

054° 

9.0 miles 

(a) If own 

ship and contact maintain course 


speed, what will be the time of CPA? 

Answer:_ 

(b) What is the contact’s true course at 1027? 

Answer:_ 

(c) What is the contact’s actual speed at the same 
time? 

Answer:_ 

(d) What will be the speed change necessary for 
own ship to remain on original course, safety 
zone 3 miles, time of change 1033, and for 
contact to clear ahead? 

Answer:_ 

(e) What would be the new course change if we 
used the original speed and all other factors 


(c) When could you tell if the contact is a ship or a 
buoy? 

Answer:_ 


(d) What course change should be made when the 
range of the contact drops to 8 miles if we wish 
to pass the contact (a navigational buoy) 3 
miles off on own ship’s starboard side? 

Answer:_ 

(e) How far must own ship travel beyond the place 
where the course change is made to where the 
contact is broad on its starboard beam? 

Answer:_ 

7-19. Own ship’s course is 325°, own ship’s speed is 12 
knots. A pip is followed on own ship’s PPI and plotted 
as below: 

Time: Bearing: Distance: 

0510 003° 6.0 miles 

0520 359° 3.5 miles 

Assuming that own ship and contact both maintain their 
original courses and speeds: 
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(a) What will be the CPA? 


(e) What is the contact’s speed? 


Answer:_ 

(b) What is the contact’s course? 

Answer:_ 

(c) What is the contact’s speed? 

Answer:_ 

It is decided to let the contact clear ahead with a new 
CPA of V /2 miles: however, our ship will maintain the 
same course and reduce speed at 0525. 

(d) Presuming that the new speed is reached imme¬ 
diately upon execution of speed reduction, 
what will be that new speed? 

Answer:_ 

(e) How can one tell, after own ship’s speed is 
changed, whether or not the contact is main¬ 
taining its original course and speed? 

Answer:_ 


7-20. Our own ship is on a course of 194° and 
proceeding at half ahead (speed: 9 knots). A contact is 
observed on the radar scope. The contact is followed and 
plotted at the below listed bearings and ranges and at the 
times shown hereinafter: 

Time: Bearing: Distance: 

0703 136° 10.5 miles 

0724 136° 7.6 miles 

Assuming that both own ship and contact maintain 
original courses and speeds: 

(a) What will be the CPA? 

Answer:_ 

(b) What will be the time of CPA? 

Answer:_ 

(c) What is the contact’s course? 

Answer:_ 

(d) At 0724, with no other ships in the area than 
own ship and contact, and with contact vessel 
visible to the naked eye, is this situation a 
crossing, meeting, or overtaking one? 

Answer:_ 


Answer:_ 

It is decided to let the contact clear astern of our own 
ship. Action to permit this maneuver will be taken when 
the contact’s range drops to six (6) miles. Full speed on 
this ship is thirteen (13) knots. We will want the CPA to 
be two miles. 

(f) Assuming that full ahead can be brought into 
being without waiting for a build up of speed 
(this is not possible in actual practice), will a 
speed of 13 knots be sufficient to execute the 
maneuver successfully in this problem; i.e., 
keep the contact with a buffer zone of two (2) 
miles? 

Answer:_ 

(g) Since it takes time to build up or reduce a 
ship’s speed in actual practice, would you 
anticipate that, with the time factor mentioned 
and if you were aboard ship, the contact of this 
problem would end up inside or outside of the 
new RML? 

Answer:-- 

(h) What maneuvering action, other than the speed 
change mentioned above, would have to be 
made (to take the speed build up into consider¬ 
ation) to permit the contact to end up in this 
problem right on the new RML? 

Answer:_ 


7-21. Own ship’s course 230° true. Own ship’s speed, 
16 knots. Own ship observed contact on the following 
bearings and ranges and at the times shown below: 

Time: Bearing: Range: 

0600 250° 10.0 miles 

0606 255° 7.0 miles 

Assuming contact and own ship maintain original course 
and speeds: 

(a) What will be the CPA? 

Answer:- 

(b) What is the time of CPA? 

Answer:_— 

(c) What is the contact’s true course? 

Answer:- 
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(d) Considering the speeds of both contact and 
own ship, do you think the CPA found in 
question (a) above is excessive? 

Answer:_ 

(e) What is the contact’s speed? 

Answer:_ 


MANEUVERING PROBLEM A 

The conning officer of own vessel decides to change 
course so that the two vessels pass starboard to starboard 
with a danger (buffer) zone of 3 miles. 

(f) What will be the new course for own ship to be 
steered if the course change is to be made at 
0609? 

Answer:_ 

MANEUVERING PROBLEM B 

(g) If we had stopped own vessel at 0609 instead of 
making a course change at that time (assume 
here that own vessel can be “stopped on a 
dime”), what would have been the end result 
insofar as the CPA is concerned? 

Answer:_ 


(h) Do you think that a ship can be “stopped on a 
dime”? 

Answer:_ 


7-22. Own ship’s course is 342° true. Own ship is 
traveling at 11 knots (half speed). 

A contact is observed and plotted as follows: 


Time: 

Bearing: 

Distance: 

0906 

287° 

12.0 miles 

0912 

287° 

10.2 miles 

0918 

288° 

8.4 miles 


Assuming that own ship and contact both maintain 
course and speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What is the contact’s true course? 

Answer:_ 


(c) What is the contact’s speed? 

Answer:_ 

(d) Is this a crossing, meeting, or overtaking situa¬ 
tion? 

Answer:_ 

Full speed on own ship is 18 knots. We decide to change 
course at the same time that we are coming up to full 
speed (mean speed at that time is 15 knots). 

(e) What will be the new course for contact to clear 
astern with a buffer zone of 2 miles if course 
change is to be made at 0924? 

Answer:_ 

7-23. Given the following information:— 

Own ship’s course 150° true, speed 26 knots 
Radar Contact: 

Time: Bearing: Range: 

0615 198° 18.2 miles 

0630 200° 12.4 miles 

Assuming that the two vessels maintain course and 
speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What is contact’s true course? 

Answer:_ 

(c) What is the contact’s speed, if the contact is 
indeed underway? 

Answer:_ 

When the contact is nine (9) miles away, we reduce own 
ship’s speed. We calculate, from past experience, that the 
mean speed during this maneuver will be sixteen (16) 
knots: 

(d) Find the new course required to steer own ship 
(at this reduced speed) so that contact clears 
ahead with a new CPA of four (4) miles. 

Note: The course change and speed change are 
both made when the contact is nine (9) miles 
away. 

Answer:_ 


7-24. Our own ship is proceeding along on a course of 
350° true and at a speed of 18 knots. The following 
observations of a radar pip were noted: 
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Time: 

Bearing: 

Distance: 

0200 

030° 

10.0 miles 

0203 

029° 

8.7 miles 

0206 

028° 

7.4 miles 


Assuming that our ship and the contact maintain courses 
and speeds: 

(a) What will be the closest point of approach? 

Answer:_ 

(b) What is the contact’s true course? 

Answer:_ 

(c) What is the contact’s speed? 

Answer:_ 

When the contact is six (6) miles off, we change course 
to 039° true: 

(d) What will be the new CPA? 

Answer:_ 

(e) How would a person compute the time of new 
CPA? 

Answer:_ 


(f) What will be the time of new CPA in this 
particular problem? 

Answer:_ 

(g) At what point could you safely return own ship 
to the original course of 350° and still have the 
contact at a minimum distance of 3 miles off? 

Answer:_ 


(h) What would be the benefit, if any, of bringing 
the ship slowly back to the original course of 
350° once you reach the point mentioned in 
question (f) above? 

Answer:__ 


7-25. Given the following information:— 
Own ship’s course 035°, speed 15 knots 
Radar Contact: 


Time: Bearing: Distance off: 

0401 185° 9.0 miles 

0407 187° 7.6 miles 

Assuming that the two vessels maintain course and 
speed: 

(a) What will be the CPA? 

Answer:_. 


(b) What is the contact’s true course? 

Answer:_ 

(c) What is the contact’s speed, if any? 

Answer:_ 

At 0416, it is decided to change own ship’s course to 
325° true: 

(d) What will be the new CPA? 

Ans we r:_ 

(e) What will be the time of new CPA? 

Answer:_ 

7-26. Given the following information:— 

Own ship’s course 060°, speed 25 knots 
Radar Contact: 

Time: Bearing: Distance off: 

0306 079° 10.0 miles 

0312 078° 8.4 miles 

Assuming that the two vessels maintain course and 
speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What is the contact’s true course? 

Answer:_ 

(c) What is the contact’s speed, if any? 

Answer:_ 

When the contact is six (6) miles away, it is decided to 
change course to 076° true: 

(d) What will be the new CPA? 

Answer:_ 

(e) Did the relative speed increase or decrease after 
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the course change? 

Answer:_ 

(f) What will be the time of new CPA? 

Answer:_ 

7-27. Given the following information:— 

Own ship’s course 330°, speed 20 knots 
Radar Contact: 

Time: Bearing: Distance off: 

0608 300° 12.0 miles 

0620 300° 8.0 miles 

Assuming that the two vessels maintain course and 
speed: 

(a) What will be the CPA? 

Answer:_ 

(b) Is the CPA sufficient in this instance? 

Answer:_ 


(c) What will be the time of CPA? 

Answer:_ 

(d) What is contact’s course? 

Answer:_ 

(e) What is contact’s speed? 

Answer:_ 

(f) What danger, if any, would be present if own 
ship maintained course and contact vessel 
changed course at 0620 to 150°? 

Answer:_ 


Assuming that contact maintains its original course (the 
course found in question c above) and that our own 
ship’s average speed was reduced to 11.5 knots at a time 
when the contact is exactly six miles away: 

(g) What will be the new CPA? 

Answer:_ 

(h) Will the contact pass ahead or astern of our 
own ship? 

Answer:_ 


7-28. Given:— 

Own ship 173°, 9 knots 
Contact: 

Time: Bearing: Range: 

0410 240° 10.6 miles 

0430 240° 6.6 miles 

With both ships maintaining course and speed, find: 

(a) CPA. Answer:_ 

(b) Contact’s course. Answer:_ 

(c) Contact’s speed. Answer:_ 

(d) Is this a crossing, meeting, or overtaking 
situation? 

Answer:_ 

(e) If you are in inland waters at the time, which 
vessel (own ship or contact) has the right of 
way? 

Answer:_ 

At 0442, own ship’s course is changed to 231° and speed 
increased to 14 knots: 

(f) What will be the new CPA? 

Answer:_ 

(g) What will be the approximate time of new 
CPA? 

Answer:__ 

7-29. Given:— 

Own ship 000°, 15 knots 
Contact: 

Time: Bearing: Range: 

1121 335° 5.8 miles 

1127 332° 3.8 miles 

With both ships maintaining course and speed: 

(a) What will be the CPA? 

Answer:_ 

(b) What is the contact’s true course? 

Answer:_- 

(c) What is the contact’s speed, if any? 

Answer:_!_ 

(d) What radar lookout precaution would you take 
at sea when working a problem such as this and 
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you are on the six mile scale? 
Answer:_ 


Assuming that own ship continues to maintain course 
and speed: 

(e) What would it indicate if, at 1136, the contact 
is found to bear 290°, distance 2.5 miles? 

Answer:_ 


7-30. On a dark, warm summer morning in the Mediter¬ 
ranean Sea, with the best possible visibility, our own 
ship is on a course of 022° true. The speed of our own 
ship is 32 knots. Own ship is known to be in a cold 
water current, as verified by the ship’s engineer on 
watch. The sea is as flat as a mirror. The weather is calm. 
The weather report shows that the temperature of the 
air immediately over the sea is 12° F. cooler and with a 
relative humidity 30 greater than the air 300 feet above 
the ship. 

Radar contacts as follows: 

Time: Contact A: Contact B: Contact C: 

0423 070°-23.2 mi. 170°-23.8 mi. 025°-22.6 mi. 

0426 070°-21.1 mi. 170°-23.8 mi. 023°-21.2 mi. 

0429 070°-19.1 mi. 170°-23.8 mi. 020°-19.0 mi. 

Assuming own ship and contacts all maintain course and 
speed, provided all are underway: 


(e) Which Contact presents the greatest threat? 

Answer:___ 

(f) If own ship has plenty of water (room) in 
which to maneuver, should the helmsman, on 
own ship be directed to “come left” or “come 
right” of contact “A”? 

Answer:_ 

A course change is to be made when contact “A” is at 
12.0 mi. from own ship. It is to be a course change in 
accordance with the answer to question (f) above and 
will provide a minimum buffer zone from the closest 
ship of 4 miles. 

(g) What will be the course change (Note: Use 
minimum buffer zone mentioned above.) 

Answer:--- 

7-31. Our own ship, during inclement weather and 
reduced visibility, is proceeding along on a course of 
120° true and at a speed of 12 knots. Three pips are 
observed on the PPI and plotted on the reflection plotter 
of the radar display at the following times and on the 
following bearings and ranges: 


Time: 

Contact A: 

Contact B: 

Contact C: 

0300 

095°-8.7 mi. 

128°-10.0 mi. 

160°-7.7 mi. 

0306 

093°-7.8 mi. 

128°- 8.3 mi. 

164°-7.0 mi. 

0312 

090°-7.0 mi. 

128°- 6.6 mi. 

170°-6.3 mi. 


Assuming own ship and contacts all maintain course and 
speed, provided all are underway: 


(a) To what would you attribute own ship’s ability 
to pick up ship contacts at such long ranges? 

Answer:_ 

(b) What is the CPA of all three contacts? 

Answers: “A” 

«g” «Q” 

(c) What are the true courses being steered by all 
three contacts? 

Answers: “A” 

ug» « C ” 

(d) Find the speed being maintained by all three 
contacts. 


(a) Find the CPA for all 
Answers: 

“B” 

(b) Find the true course for each contact. 

Answers: “A” 

Kg” «C” 

(c) Which contact presents the greatest danger? 

Answer:_■ 

(d) Which contact, if any, might be a light ship at 
anchor? 

Answer:- 


three contacts. 
“A” 

urvn 


Answers: “A” 

“B” “C” When contact B is 6 miles from own ship, the latter 
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(own ship), decides to change course to 190°: 

(e) At what time will this take place? 

Answer:_ 

(f) What will be the CPA of Contact C after the 
course is changed? 

Answer:_ 

7-32. Answers to the plotting problems found on pages 
83-94 are provided below. The reader should work each 
problem to completion before checking his answers 
with those given below. 


Question 

No. Answer 

7-4. (a) 4.3 miles 

(b) 234°; 20 knots 

(c) 324°; 3.5 miles 

(d) 6.5 miles 

(e) 0441 

(f) 2.4 miles 

(g) 270° 

(h) 3.2 miles 

(i) 16 knots 


7-5. (a) 167°; 1.0 mile 

(b) 32 knots 

(c) 1041 

(d) 2.3 miles 

(e) 304° 

(f) 2.2 miles 

(g) 22 knots 

(h) Yes, by all means! 

(i) Green side light 


7-6. (a) Nil 

(b) 12 knots 

(c) 1200 

(d) 307° 

(e) 063° 

(f) 22 knots 

(g) Under rule 16c, “A power-driven vessel 
which detects the presence of another vessel 
forward of her beam before hearing her fog 
signal or sighting her visually may take early 
and substantial action to avoid a close 
quarters situation. 

(h) Course alteration signals are only made on 
the whistle when vessels are in sight of one 
another; in this case (problem), being 6 miles 
apart and with a visibility of 1 mile, it is 
obvious that one can not see the other 
vessel. The only signal then is the fog signal 
for a steam vessel underway (assuming own 
vessel is a steam vessel). 

(i) Speed could be judged excessive. 


7-7. (a) 1.2 miles 

(b) 16.5 knots 

(c) 0343 

(d) 161° 

(e) Come right at 290° 

(f) 28 knots 

(g) Since the course change is to be made when 
the contact is at six miles (the contact would 
not be visible to the human eye at that point 
since the visibility is only two miles), we 
would not sound any course change signals; 
instead, we would continue to sound the fog 
signal for a steam vessel underway. 


7-8. 

(a) 

1.1 miles 


(b) 

15.5 knots 


(c) 

269° 


(d) 

12.5 knots 


(e) 

002° 

7-9. 

(a) 

Nil 


(b) 

Collision 


(c) 

20 knots 


(d) 

0433 


(e) 

200° 


(0 

10 knots 


(g) 

046° 


(h) 

See Rules of the Road governing power- 
driven vessels meeting end on, “steering 
and sailing rules”, and the rule for early and 
substantial action allowed. 


7-10. (a) 

0.7 mile 

(b) 

065° 

(c) 

10 knots 

(d) 

015° 

7-11. (a) 

Nil 

(b) 

232° 

(c) 

Meeting 

(d) 

18 knots 

(e) 

119° 

7-12. (a) 

0.5 mile 

(b) 

0333 

(c) 

152° 

(d) 

21 knots 

(e) 

No; it is far too close. It is for this reason 
that the course will be changed below, to 
make a buffer zone of 3 miles. 

(f) 

By dropping the speed to 3 l A knots. 

7-13. (a) 

336°; 1.1 miles 

(b) 

28 knots; 246° 

(c) 

2.8 miles 

(d) 

0225 

(e) 

246° 

(0 

13 knots 
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7-14. (a) 1.9 miles 

(b) 3.6 miles 

(c) 18 knots; 273° 

(d) 3.6 miles 

(e) The contact is either a stationary object or a 
vessel underway but with no way on. If the 
latter, it can not be steered; this, since there 
is no steerageway on the vessel. If it is a ship, 
we would not be able to tell her exact 
heading even if visible to the naked eye. 

(f) If the contact is a stationary object, no 
running lights would be seen. If it is a ship 
underway and its sidelights are burning, the 
light(s) would only be visible if the ob¬ 
server’s eye was with the arc(s) of visibility 
and within their visible ranges. The informa¬ 
tion provided in this problem then is ob¬ 
viously insufficient to provide a more defini¬ 
tive answer. 

7-15. (a) 232°; 1.4 miles 

(b) 322° 

(c) 1254 

(d) 140° 

(e) 12.5 knots 

7-16. (a) 1045 

(b) 343° 

(c) 22 knots 

(d) 099° 

(e) 1024 

(f) 1037 

(g) 1040 

7-17. (a) 1102 

(b) -287° 

(c) 14.5 knots 

(d) 7 knots 

(e) 042° 

7-18. (a) Yes; the CPA in this problem is only 1.6 
miles. 

(b) The contact is stationary or, if a vessel, dead 
in the water or nearly so. 

(c) Possibly only when the contact is visible to 
the naked eye; may be seen on true motion 
radar sets. 

(d) 303° 

(e) 7.4 miles 

7-19. (a) 0.6 mile 

(b) 242° 

(c) IOV 2 knots 

(d) 5 knots 

(e) If it follows along the new relative motion 
line, it is maintaining its original course and 
speed. 

7-20. (a) Nil 


(b) 0819 

(c) 251° 

(d) Crossing 

(e) 8 V 2 knots 

(f) Yes 

(g) Inside 

(h) Change of speed ordered prior to reaching 
the point of execution. 

7-21. (a) 1.9 miles 

(b) 0619 

(c) 068° 

(d) No 

(e) 14 knots 

(f) 206° 

(g) CPA would have become 1.1 miles 

(h) No 

7-22. (a) 0.5 mile 

(b) 067° 

(c) 15 knots 

(d) Crossing 

(e) 006° 

7-23. (a) 1.3 miles 

(b) 089° 

(c) 19 knots 

(d) 181° 

7-24. (a) 1.0 mile 

(b) 259° 

(c) 18.5 knots 

(d) 3.1 miles 

(e) Determine the original relative speed; then, 
using it, determine the time of MX. Next, 
determine the new relative speed; then, using 
it, determine how long it will take for the 
contact to crab down the new RML from 
MX to the CPA. 

(f) 0219 

(g) When the contact bears 330°; distance 3.2 
miles 

(h) By bringing it back slowly, you will be 
introducing a safety factor of sorts that will 
better ensure the contact lying outside the 
buffer zone when own ship is steadied up on 
350° again. 

7-25. (a) 1.8 miles 

(b) 015° 

(c) 27 knots 

(d) 3.2 miles 

(e) 0429 

7-26. (a) 1.0 mile 

(b) 027° 

(c) 13 knots 

(d) 3.0 miles 

(e) It increased about 2 knots 
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(f) 0336 

7-27. (a) Nil 

(b) No; vessels will collide if they maintain 
original courses and speeds. 

(c) 0644 

(d) 045° 

(e) IOV 2 knots 

(f) None; because, with the contact (other 
vessel) on a reciprocal course to our own, 
the CPA would have been opened to 4.2 
miles. 

(g) 2.0 miles 

(h) Ahead 

7-28. (a) Nil 

(b) 104° 

(c) 11.8 knots 

(d) Crossing 

(e) Contact 

(f) 1.1 miles 

(g) 0452 

7-29. (a) 0.5 mile 

(b) 120° 

(c) 7.5 knots 

(d) From time to time, change to a longer scale 
to see if there are any contacts greater than 
six miles away . . . especially any heading 
toward us. 

(e) It would indicate that the contact has 


changed course and/or speed. The vessel may 
have come right and changed speed too. 

7-30. (a) Super refraction 

(b) Contact “A” - Nil 
Contact “B” — 23.8 miles 
Contact “C” — 9.2 miles 

(c) ' Contact “A” — 299° 

Contact “B” - 022° 

Contact “C” - 282° 

(d) Contact “A” — 30 knots 
Contact “B” — 32 knots 
Contact “C” — 19 knots 

(e) Contact “A”; it is on a collision course. 

(f) Come right. 

(g) 063° 

7-31. (a) Contact “A” - 3.0 miles 
Contact “B” - Nil 
Contact “C” — 4.3 miles 

(b) Contact “A” - 138° 

Contact “B” — 329° 

Contact “C” -101° 

(c) Contact “B” presents the greatest danger; 
this, since it is on a collision course with 
own ship. 

(d) Since all three contacts are underway, none 
of them are a lightship at anchor. 

(e) 0314 

(f) 3.2 miles 
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CHAPTER EIGHT 


DIRECT PLOTTING 


8-1. Many radar observers have become adept at direct 
plotting; that is, at plotting directly on the surfaces 
(reflection plotters) located above Plan Position Indi¬ 
cators. This type of plotting is also .called reflection 


plotting. The reader may join the legion of profession¬ 
ally competent mariners who use direct (reflection) 
plotting by studying this chapter and developing a 
proficiency in its actual use. 


PART 1 

DIRECT PLOTTING TOOLS 
AND EQUIPMENT 


8-2. In addition to radar displays being fitted with 
special devices (reflection plotters) for making direct 
(reflection) plotting possible, certain other equipment 
and special plotting tools are also required. This chapter 
will describe the equipment and tools used in this type 
of plotting and will be followed up by an explanation of 
Direct Plotting. 

8-3. THE REFLECTION PLOTTER 


8-4. The reflection plotter is a transparent attachment 
that fits over the PPI of a radar indicator (display). It 
enables plotting of radar contacts to be done directly on 
the surface of the attachment with ease, facility and 
considerable accuracy. The reflection plotter is fabri¬ 
cated in such a fashion that any mark made on its 
plotting surface is reflected and seen directly below on 
the PPI. Hence, when plotting the positions of contacts, 
it is only necessary to make grease pencil marks over the 


Observer’s position 



Figure 70 — Reflection plotter having curved plotting surface. 
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pips which are the contacts as seen on the PPI. 

8-5. The plotter should not be marked when viewing 
same from a low angle. Instead, because of the effect of 
parallax, the observer’s eye position should preferably be 
directly over the pips as they appear on the PPI. 

8 -6. BASIC REFLECTION PLOTTER DESIGNS 

8-7. The reflection plotter illustrated in figure 70 is one 
of the designs found on board American merchant ships. 
The curvature of the plotting surface (which is concave) 
matches, but is opposite to the curvature of the screen 
of the cathode-ray tube (which is convex); in other 
words, the plotting surface is concave to the observer 
when viewed from above. A semi-reflecting mirror is 
installed halfway between the PPI and the plotting 


surface. The plotting surface can be illuminated; the 
lighting emanating from the periphery of the radarscope. 
Without this lighting, the grease pencil marks cannot be 
seen by the viewer. 


8 -8. The reflection plotter illustrated in figure 71 is yet 
another type available for reflection plotting on Ameri¬ 
can merchant ships. Its plotting surface, as will be noted 
from the illustration, is flat. 

8-9. The plotting surfaces of reflection plotters are 
either made of glass or a plastic material. Plastic 
reflection plotters are generally thought to mark easier 
with grease pencils and thus are more suitable for rapid 
radar plotting than glass ones. 


Observer’s position 



Figure 71 — Reflection plotter having flat plotting surface. 
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PART 2 


MARKING THE REFLECTION PLOTTER 


8-10. In marking the reflection plotter, a grease pencil 
is placed over the pip and the point of this pencil is 
pressed against the plotting surface. Only use sufficient 
pressure that the reflected image of the grease pencil 
point is seen on the PPI below. The point of the pencil is 
then adjusted to find the more precise position for the 
mark or plot by walking the pencil (and its reflected 
image) to the leading edge of the radar pip. With more 
precise position for the plot having been found, the 
grease pencil point is pressed hard against the plotting 
surface and a dot made on the reflection plotter directly 
over the pip. 

8-11. Another way of marking the reflection plotter is 
by placing the pencil against the surface as described 
above; then, noting the position of the reflection of the 
grease pencil point on the PPI, a line is drawn rapidly 
through the middle of the leading edge of the radar pip. 
A second line is drawn to form an “X”. The center of 
the “X” is the position of the radar contact for that 
time. Some skill is required to form the intersection at 
the desired point. Such skill comes only with practice. 


Speed in executing the lines, rather than pressure on the 
grease pencil, will ensure leaving a good “X” on the 
reflection plotter. 

8-12. CLEANLINESS 

8-13. The surface of the reflection plotter should be 
cleaned frequently to insure that previous markings do 
not obscure new radar contacts which could otherwise 
appear undetected to a radarscope observer. This is 
generally done, during plotting, with a clean, soft cloth. 
(Use a cloth recommended or provided by the manufac¬ 
turer since the surface is easily scratched.) A more 
thorough cleaning should be done with a cleaning agent 
which does not leave a film residue. Any oily film which 
is left by an undesirable cleaning agent or by the smear 
of incompletely wiped grease pencil markings makes the 
plotting surface difficult to mark afterward. In addition 
to various cleansing creams which are available through 
some radar manufacturers, a weak solution of ammonia 
and water has been found effective for cleaning reflec¬ 
tion plotters. 


PART 3 

PLOTTING ON STABILIZED 
AND UNSTABILIZED DISPLAYS 


8-14. STABILIZED NORTH-UPWARD DISPLAY 

8-15. Assuming the normal condition in which the start 
of the sweep is at the center of the PPI, the pips of radar 
contacts are painted on the PPI at their true bearings and 
at distances from the PPI center corresponding to the 
contact ranges. The orientation with this type of display 
is “North Up”, that is, with 000° in the “12 O’clock 
position.” Because of the persistence of the PPI and the 
continuous rotation of the radar beam, (brought about 
through the rotation of the antenna), the pips of 
contacts (at least those having reasonably good reflecting 
properties) appear continuously on the PPI. As contacts, 
move relative to the motion of own ship, the pips, as 
painted successively, move in the direction of this 
motion. With lapse of time, the pips painted earlier fade 
from the PPL Thus, it is necessary to record the 
positions of the pips through plotting to permit analysis 
of this radar data. Failure to plot the successive positions 
of the pips is conducive to the much publicized RADAR 
ASSISTED COLLISIONS. 

8-16. Through periodically marking the positions of 
pips on the reflection plotter mounted above the glass 


plate (imposion cover) over the CRT screen, a visual 
indication of the past and present positions of the 
contacts is made available for the required analysis. This 
analysis is aided by the HEADING FLASH (HEADING 
MARKER) which is a luminous line on the PPI 
indicating ship’s heading. With stabilized North-Upward 
displays, contacts do not smear during course changes; 
this since the picture stays aligned in the same position, 
i.e., remaining with north up. 

8-17. UNSTABILIZED HEADING-UPWARD 
DISPLAY 

8-18. Plotting on the unstabilized Heading-Upward 
display is similar to plotting on the stabilized North-Up¬ 
ward display. Since the pips are painted at bearings 
relative to the heading of the observer’s ship, a complica¬ 
tion arises when the heading of the observer’s ship is 
changed. If a continuous grease pencil plot is to be 
maintained on the unstabilized Heading-Upward relative 
motion display following course changes by the ob¬ 
server’s ship, the plotting surface of the reflection 
plotter must be rotated the same number of degrees as 
the course or heading change in a direction opposite to 
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Figure 72 — Effect of yawing on unstabilized display. 


this change. Otherwise, the portion of the plot made 
following the course change will not be continuous with 
the previous portion of the plot. Also the unstabilized 


display is affected by any yawing of the observer’s ship. 
Plots made while the ship is off the desired heading will 
result in an erratic plot of lesser accuracy than would be 
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Figure 73 — Effect of course change on unstabilized display. 
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afforded by a stabilized display. Under severe yawing 
conditions, plotting on the unstabilized display must be 
coordinated each time the ship is on course; that is, if 
reasonable accuracy of the plot is desired and is to be 
obtained. (Helmsman shouts out “mark” each time the 
ship is on course.) 

8-19. Because of the persistence of the CRT screen and 
the illumination of the pips at their instantaneous 
relative bearings, as the observer’s ship yaws or its course 
is changed the contact pips on the PPI will smear. Figure 
72 illustrates an unstabilized Heading-Upward relative 
motion display for a situation in which a ship’s course 
and present heading are 280°, as indicated by the 
.heading flash. The ship is yawing on a heading of about 
280°. In this case there is some smearing of the target 
pips. 


8-20. If the ship’s course is changed to the right to 340° 


as illustrated in figure 7 3, the contact pips smear to the 
left through 60°, i.e., an amount equal and in a direction 
opposite to the course change. Thus, on displays so 
equipped, to maintain a continuous grease pencil plot 
on the reflection plotter it is necessary that the plotting 
surface of this plotter be rotated in a direction opposite 
to and equal to the course change. 

8-21. Figures 74 and 75 illustrate the same situation 
appearing on a stabilized North-Upward display. There is 
no pip smearing because of yawing. There is no shifting 
in the positions of the contact pips because of the course 
change. Any changes in the position of the contact pips 
are due solely to changes in the true bearings and 
distances to the contacts during the course change. The 
plot during and following the course change is con¬ 
tinuous with the plot preceding the course change. 

8-22. Thus, there is no need to rotate the plotting 
surface of the reflection plotter when the display is 
stabilized. 


PART 4 

RANGE AND BEARING MEASUREMENT 
(MECHANICAL BEARING CURSOR) 


8-23. The mechanical bearing cursor is a radial line or 
cross hair inscribed on a transparent disk which can be 
rotated manually about its axis coincident with the 
center of the PPI. This cursor is used for bearing 
determination. 


8-24. Frequently, the disk is inscribed with a series of 
lines parallel to the line inscribed through the center of 
the disk, in which case the bearing cursor is known as a 
PARALLEL-LINE CURSOR or PARALLEL INDEX 
(see figure 76). To avoid parallax error when reading the 
bearing, the lines are inscribed on each side of the disk. 
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8-25. When the sweep origin is at the center of the PPI, 
the usual case for relative motion displays, the bearing of 
a small, well defined contact pip is determined by 
placing the radial line or one of the radial lines of the 
cross hair over the center of the pip. The true or relative 
bearing of the pip can be read from the respective 
bearing dial. 

8-26. VARIABLE RANGE MARKER 

8-27. The variable range marker (VRM) is used pri¬ 
marily to determine the ranges to contact pips on the 
PPI. Among its secondary uses is that of providing a 
visual buffer or safety zone and indicating a limiting 
range about the position of the observer’s ship, within 
which contacts should not enter for reasons of safety. 

8-28. The VRM is actually a small rotating luminous 
spot. The distance of the spot from the sweep origin 
corresponds to range; in effect, it is a variable range ring. 

8-29. The distance to a contact pip is measured by 
adjusting the circle described by the VRM so that it just 
touches the leading (inside) edge of the pip. The VRM is 
adjusted by means of a range crank. The distance is read 
on a range counter. 

8-30. For better accuracy, the VRM should be just 
bright enough to see and should be focused as sharply as 
possible. 

8-31. ELECTRONIC BEARING CURSOR 
(INTERSCAN) 


8-32. The designs of some radar indicators may include 
an electronic bearing cursor in addition to the mechani¬ 
cal bearing cursor. This electronic cursor is a luminous 
line on the PPI usually originating at the sweep origin. It 
is particularly useful when the sweep origin is not at the 
center of the PPI (see figure 76). Bearings are 
determined by placing the cursor in a position to bisect 
the pip. In setting the electronic cursor in this manner, 
there are no parallax problems such as are encountered 
in the use of the mechanical bearing cursor. The bearings 
to the pips or contacts are read on an associated bearing 
indicator. 

8-33. The electronic bearing cursor may have the same 
appearance as the heading flash. To avoid confusion 
between these two luminous lines originating at the 
sweep origin on the PPI, the design may be such that the 
electronic cursor appears as a dashed or dotted luminous 
line. Another design approach used to avoid confusion 
limits the painting of the cursor to that part of the radial 
beyond the setting of the VRM. Without special provi¬ 
sion for differentiating between the two luminous lines, 
their brightness may be made different to serve as an aid 
in identification. 

8-34. In the simpler designs of electronic bearing 
cursors, the cursor is independent of the VRM, i.e., the 
bearing is read by cursor and range is read by the 
rotating VRM. In more advanced designs, the VRM 
(range strobe) moves radially along the electronic bear¬ 
ing cursor as the range crank is turned. This serves to 
expedite the reading of the range and bearing to a pip. 

8-35. The term INTERSCAN is descriptive of a type of 


i 
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electronic bearing cursor the lengths of which can be 
varied for determining the range to a pip. 

8-36. Interscans are painted continuously on the PPI; 
the paintings of the other electronic bearing cursors are 
limited to one painting for each rotation of the antenna. 
Thus, the luminous lines of the latter cursors tend to 
fade between paintings. The continuously luminous line 
of the interscan serves to expedite measurements. 

8-37. In some designs electronic bearing cursors may be 
positioned at desired locations on the PPI; the length 
and direction of the luminous line may be adjusted to 
serve various requirements, including the determination 
of the bearing and distance between two pips. 

8-38. OFF-CENTER DISPLAY 

8-39. While the design of most relative motion radar 
indicators places the sweep origin only at the center of 
the PPI, some indicators may have the capability of 
off-centering the sweep origin (see figure 77). 

8-40. With the sweep origin off-centered, the bearing 
dials concentric with the PPI cannot be used directly for 
bearing measurements. If the indicator does not have an 
electronic bearing cursor (interscan), the parallel-line 
cursor may be used for bearing measurements. By 
placing the cursor so that one of the parallel lines passes 


through both the observers position on the PPI (sweep 
origin) and the pip, the bearing to the pip can be read on 
the bearing dial. Generally, the parallel lines inscribed on 
the disk are so spaced that it would be improbable that 
one of the parallel lines could be positioned to pass 
through the sweep origin and the pip. This necessitates 
placing the cursor so that the inscribed lines are parallel 
to a line passing through the sweep origin and the pip 
(see Figure 76). 

8-41. GREASE PENCIL 

8-42. The grease pencil or, as it is sometimes called, 
china marking pencil, is a special kind of scribing 
instrument, capable of marking on glass or china. It is the 
only kind of pencil one uses to plot on reflection 
plotting surfaces. 

8-43. Grease or china marking pencils may be pur¬ 
chased in a number of colors. White or yellow ones are, 
in our opinion, the most suitable. It has also been our 
experience that the mechanical or refillable type of 
pencil serves better than the wooden variety that require 
constant sharpening. Grease pencils may have their 
points somewhat sharpened by rubbing them on paper. 

8-44. USE OF THE GREASE PENCIL 

8-45. Care is required to plot with accuracy directly on 
the reflection plotter. The grease pencil is soft, easily 
broken, and will skip unless marks are drawn rapidly. 
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Each plot should be marked with an “X” or dot as 
described earlier in this chapter. (We recommend mark¬ 
ing with an “X” since, when making a dot, the pencil is 
more apt to crumble or break under the required extra 
pressure.) 


8-46. THE PLASTIC RULE 

8-47. A six or eight inch flexible plastic strip or ruler is 


used to draw relative movement lines, course lines, etc. 
It can also be utilized for marking distances when 
properly calibrated. Calibration will be explained later. 

8-48. DIVIDERS 

8-49. As was mentioned earlier, the glass or plastic 
surface of the plotter is easily scratched; therefore, do 
not use dividers unless the sharp points are clad with a 
material that prevents marring these surfaces. 


PART 5 

CALIBRATING THE PLASTIC RULE 


8-50. Switch the radar set to an appropriate plotting 
range, say 24 miles. Crank out the variable range marker* 
to some optional starting point, say 5 miles. Where the 
variable range marker intersects the heading flash, draw a 
line with a grease pencil on the reflection plotter. See 
figure 78. This point will represent zero on the scale we 
will be laying down on the reflection plotter and, 
ultimately, the plastic rule. 



Figure 78. Step 1 in calibrating the Plastic Rule. 

(For clarity, the parallel line cursor 
is not shown in this sketch) 


*Note: For the remainder of this chapter, wherever the term 
variable range marker is used, readers may substitute interscan 
in its place, provided their radar sets are equipped with this 
alternate distance-finding device. 


8-51. Next, compute the distance our ship will run in 
six (6), twelve (12), eighteen (18), and twenty-four (24) 
minutes at some particular speed. For example, if we are 
calibrating the plastic rule for “at sea” employment and 
using regular “at sea” maneuvering speed of 21 knots, 
the distances should be the same as those shown below. 
Typical Computations:— 

21 knots for 6 minutes =2.1 miles 
21 knots for 12 minutes - 4.2 miles 
21 knots for 18 minutes = 6.3 miles 
21 knots for 24 minutes = 8.4 miles 

8-52. Since first mark was made at 5 miles, crank out 
variable range marker to 7.1 miles (5+2.1=7.1) and draw 
grease pencil mark on the reflection plotter where this 
location crosses the heading flash, (see figure 79). 



Figure 79. Step 2 in calibrating the Plastic Rule. 

(For clarity, the parallel line cursor 
is not shown in this sketch) 
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8-53. Next, crank out variable range marker to 9.2 
miles (7.1 + 2.1 = 9.2) and mark with the grease pencil, 
(see figure 80). 



Figure 80. Step 3 in calibrating the Plastic Rule. 

(For clarity, the parallel-line cursor 
is not shown in this sketch) 


8-54. Next, crank out variable range marker to 11.3 
miles (9.2+2.1) and mark with the grease pencil, (see 
figure 81) 


8-55. Finally, crank out variable range marker to 13.4 
miles (11.3+2.1) and mark with grease pencil. At this 
point, you will have five grease pencil marks on the 
reflection plotter (figure 82) provides an illustration of 
these marks on a reflection plotter). 



Figure 82. Step 5 in calibrating the Plastic Rule. 

(For clarity, the parallel-line cursor 
is not shown in this sketch) 


8-56. Lay a colored plastic strip, which will later serve 
as a rule, on the reflection surface so that one edge is 
parallel to and against the heading flash (see figure 83). 
Transfer the same grease pencil marks which are on the 



Figure 81. Step 4 in calibrating the Plastic Rule. 

(For clarity, the parallel-line cursor 
is not shown in this sketch) 



Figure 83. Step 6 in calibrating the Plastic Rule. 

(For clarity, the parallel-line cursor 
is not shown in this sketch) 
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reflection plotter to the plastic strip, exactly the same 
distance apart as was scribed in the original work, (see 
figure 84) 



8-57. Once the plastic rule has been marked with a 
grease pencil, we can make it a permanent rule (so that it 
is easier to use in the dark) by notching’same, with a 
knife, in way of the grease pencil marks, (see figure 85) 



CM 


Straight edge of 
plastic rule 


Figure 85. Ste P 8 in calibrating the 
plastic rule. 

Cut out notches, at the grease 
pencil marks on one edge and label 
the rule with the radar scale used 
and the speed employed; for 
example "24 mile scale — 

21 knots" 

8-58. A vessel may have a number of plastic rules made 
for it, each for a particular radar range setting and 
specific own ship speed; in which case, the range and 
speed should be prominently marked on each rule. 

Note: The notches shown in the sketches of this manual have 
been drawn large and angular for illustration purposes. In actual 
practice, they should be about the size and shape of the 
cross-section of the lead used in the grease pencil. 


PART 6 


DIRECT PLOTTING, 


USING THE RAPID RADAR PLOTTING TECHNIQUE 


8-59. PROCEDURE FOR DETERMINING 

CONTACT’S TRUE COURSE AND SPEED 

8-60. To determine the contacts’ true courses and 
speeds on the reflection plotter, follow the step by step 
procedure given below. 

8-61. As soon as possible after the contacts appear on 
the PPI, plot them on the reflection surface, making an 
“X” over the pips with a grease pencil; noting, with the 
same marking device and on the reflection plotter the 
time. (Note: Always work with actual time. If possible, 
do not mark “X’s” until the time is some tenth of an 
hour; i.e., 6 minutes 12 minutes, 18 minutes, etc. after 
the hour. It would not be out of order, where a long 
wait would otherwise be necessitated, to note the “X” at 
any minute of the hour, odd minutes or not. In instances 
where confusion does not exist regarding the hour, it 
will only be necessary to show two digits; these being, of 
course, the minutes after the hour when the plots were 
made.) Label point “X” with a small “r” as well 
(see figure 86). 

Note:In figure 86, an “X” was made over the pip. The point was 
also labeled “r”. The time, forty-nine minutes after the hour is 
shown as required when employing good plotting methods. 




Figure 86. Step 1 in determing contact's 
true course and speed. 

(For clarity, the parallel-line cursor 
is not shown in this sketch.) 
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8-62. Crank the parallel-line cursor until its lines are 
parallel to the ship’s heading flash. Lay the plastic rule 
so that one notch is at the point “r” and so the rule is 
parallel to the lines of the parallel-line cursor (which, of 
course, makes it parallel to the heading flash) and draw a 
long line, (see figure 87). 


, Heading Flash 


Lines in parallel-line 
cursor made parallel 
to heading flasher 



Plastic rule made 
parallel to lines in 
parallel-line cursor 


Figure 87. Step 2 in determining contact's 
true course and speed. 


8-63. When the own ship vector (e-r) has been drawn to 
the point “r”, mark “e’s” on the vector for 6 minutes, 
12 minutes, 18 minutes, and 24 minutes, (see figure 88) 



true course and speed. 

(For clarity, the parallel-line cursor 
is not shown in this sketch) 


8-64. Plot the contact every 6 minutes, marking the 
plots and the time in each instance. After two or more 
plots, fair a line through the plot marks (Ml M3) with 
the straight-edge side of the plastic rule. Extend this line 
(the RML) past the center of the PPI. The more plots, 
the better will be the RML (see figure 89). 

Note: The RML should be re-faired if, as the plots progress, it is 
noted that the contact does not follow the relative motion line 
as originally laid down. 



is not shown in this sketch.) 


Note: In figure 88, two sides of the Vector Triangle have been 
formed. 


8-65. Crank out the variable range marker until the 
variable range ring intersects the RML and note the miles 
on the variable range counter. This will give the CPA. 
(see figure 90) 

8-66. Label the point “m”. Interconnect the points “e” 
and “m” to form the contact’s vector (e-m). Be sure to 
show arrowhead on correct end of vector. 

8-67. One may “eye-ball” the length of the vector e-m 
and compare it to the length of the vector e-r. If it looks 
as though they are both the same length, the speeds are 
the same. If e-m is about half the length of e-r, it means 
that the contact’s speed is about half that of own ship. 

8-68. Crank the parallel-line cursor around until the 
lines on it are parallel to the e-m vector; then, sighting 
along that parallel line of the parallel-line cursor which 
passes through the center of the PPI, pick off the 
contact’s true course. Be sure to pick off the course in 
that quadrant of the azimuth ring being pointed to by 
the arrowhead of the e-m vector (see figure 91). 
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is not shown in this sketch) 


^^Heading Flasher 



8-69. PROCEDURE FOR DETERMINING OWN 

SHIP’S NEW COURSE AND/OR NEW SPEED 

TO REDUCE RISK OF COLLISION 

8-70. To determine own ship’s new course and/or own 
ship’s new speed to reduce risk of collision, follow the 
step by step procedure given below. These steps are of 
course, a continuation of those provided above under 
procedure for determining contact’s true course and 
speed. 

8-71. Determine the point of execution (MX). (Review 
steps found on page 77). Locate and mark the point of 
execution; this may be done with the variable range 
marker or by “eye-balling” the point. 


8-72. Crank the variable range marker in or out, as the 
case may be, until it leaves a ring which has a radius 
equal to the buffer or safety zone set down by the 
conning officer. (Note: If one of the fixed rings is equal 
to this amount, it will obviously not be necessary to use 
the variable range marker.) In the example shown in 
figure 92 to the safety zone has been set at 3 miles. 



Figure 92. Steps 1 and 2 in determining own ship's 
new course and/or new speed. 

(For clarity, parallel-line cursor 
is not shown.) 

8-73. Using the straight-edge side of the plastic rule, 
draw a line from the point MX tangent to the Buffer 
Zone ring or circle. This is the new relative motion line. 
The NRML might be drawn tangent to the buffer zone 
ring on either side of it, depending upon whether 
contact is to pass ahead or astern of own ship. Figure 93 
shows the two possibilities of the NRML. 



is not shown.) 
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8-74. After the correct NRML has been chosen and laid 
down, crank the parallel-line cursor around until all the 
parallel lines are “in-line” with (parallel to) the NRML. 
With the parallel-line cursor in this position, lay the 
straight-edge side of the plastic rule so that it passes 
through the point “m” and “in-line” with the lines of 
the parallel-line cursor. From the point “m”, draw a line 
outward and of sufficient length for the purpose; this 
line becomes the new relative motion and reference line 
(NRM&RL). 

8-75. Lay the first notch of the plastic rule on the point 
“e” and, extending the rule outward, maneuver the 
plastic rule until one notch is on point “e” and one 
notch on the NRM&RL; the two notches mentioned 
shall be the same distance apart as the points “e” and 
“r”. This action is comparable to drawing the arc “r-r' ” 
from “r” to the NRM&RL (see figure 94). 



is not shown.) 


8-76. When the point “r' n has been located, connect the 
points “e” and “r'” to form the vector e-r'. Make sure 
there is an arrowhead on the correct end of the e-r' 
vector. Crank the parallel-line cursor around until the 
parallel lines are in-line” with the e-r' vector and read, on 
the azimuth ring, own ship’s new course (see figure 96). 


Note: When the contact’s speed is greater than that of own ship, 
there may be two intersections formed in rotating own ship’s 
true vector (e-r). The intersection farthest from “m” results in 
the highest relative speed, and is selected, generally, in order to 
expedite the safe passing. In other words, the course change 
made from the second intersection in such cases will produce a 
new course in the shortest possible time (see figure 95). 



Figure 96. Step 5 in determining own ship's 
new course. 

8-77. If we wish to take evasive action by speed change 
alone or by both speed and course change, follow the 
same steps that are listed and described on pages 79 and 
80. 


r 



Note: After the course and/or speed change has been made, the 
radar watchkeeper should take note of how the contact 
maintains the NRML. If the contact does not crab along this 
line, it would indicate that the contact has also taken action, 
either changing course, changing speed, or changing both course 
and speed. 

8-78. Since ships do not come immediately to new 
courses and/or speeds “on orders”, action should be 
taken before reaching MX. In this way, the NRML will 
be fully resolved, as planned, when own ship does 
reach the new course and/or speed. With unstablized 
(heading-upward) PPI displays, there is a complication 
which arises from the plot shifting equal and opposite to 
the amount and direction of own ship course change. 
Some reflection plotter designs have provision for either 
manual or automatic shifting of their plotting surfaces to 
compensate for the shifting of the plot. Without this 
capability, there is no continuity in the grease pencil 
plot following course changes by own ship. Consequent¬ 
ly, it is necessary to erase the plot and re-plot the other 
ship’s relative position when own ship steadies on 
course. 
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CHAPTER NINE 


RADAR NAVIGATION 

(RADAR FIXING METHODS - RADAR ICE DETECTING) 


9-1. RANGE AND BEARING TO A SINGLE OBJECT 

9-2. Preferably, radar fixes obtained through measuring 
the range and bearing to a single object should be limited 
to small, isolated fixed objects which can be identified 
with reasonable certainty. In many situations, this 
method may be the only reliable method which can be 
employed. If possible, the fix should be based upon a 
radar range and visual gyro bearing because radar 
bearings are less accurate than visual gyro bearings. A 
primary advantage of the method is the rapidity with 
which a fix can be obtained. A disadvantage is that the 
fix is based upon only two intersecting position lines, a 
bearing line and a range arc, obtained from observations 
of the same object. Identification mistakes can lead to 
disaster. If the fix is based upon a floating aid, it should 
be treated with considerable caution. 

9-3. TWO OR MORE BEARINGS 

9-4. Generally, fixes obtained from radar bearings are 
less accurate than those obtained from intersecting range 
arcs. The accuracy of fixing by this method is greater 
when the center bearings of small, isolated, radar-con¬ 
spicuous objects can be observed. 

9-5. Because of the rapidity of the method, the method 
affords a means for initially determining an approximate 
position for subsequent use in more reliable identifica¬ 
tion of objects for fixing by means of two or more 
ranges. 

9-6. TANGENT BEARINGS 

9-7. Fixing by tangent bearings is one of the least 
accurate methods. The use of tangent bearings with a 
range measurement can provide a fix of reasonably good 
accuracy. 

9-8. As illustrated in figure 97 the tangent bearing lines 
intersect at a range from the island observed less than 
the range as measured because of beam width distortion. 
Right tangent bearings should be decreased by an 
estimate of half the horizontal beam width. Left tangent 
bearings should be increased by the same amount. The 
fix is taken as that point on the range arc midway 
between the bearing lines. 

9-9. It is frequently quite difficult to correlate the left 
and right extremities of the island as charted with the 
island image on the PPI. Therefore, even with compensa- 



Figure 97 — Fixing by tangent bearings and radar range. 

tion for half of the beam width, the bearing lines usually 
will not intersect at the range arc. 

9-10. TWO OR MORE RANGES 

9-11. In many situations, the more accurate radar fixes 
are determined from nearly simultaneous measurements 
of the ranges to two or more fixed objects. Preferably, at 
least three ranges should be used for the fix. The number 
of ranges which it is feasible to use in a particular 
situation is dependent upon the time required for 
identification and range measurements. In many situa¬ 
tions, the use of more than three range arcs for the fix 
may introduce excessive error because of the time lag 
between measurements. 

9-12. If the most rapidly changing range is measured 
first, the plot will indicate less progress along the 
intended track than if it were measured last. Thus, less 
lag in the radar plot from the ship’s actual position is 
obtained through measuring the most rapidly changing 
ranges last. 

9-13. Similar to a visual cross-bearing fix, the accuracy 
of the radar fix is dependent upon the angles of cut of 
the intersecting position lines (range arcs). For greater 
accuracy, the objects selected should provide range arcs 
with angles of cut as close to 90° as is possible. In cases 
where two identifiable objects lie in opposite or nearly 
opposite directions, their range arcs, even though they 
may intersect at a small angle of cut or may not actually 
intersect, in combination with another range arc inter- 
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Figure 98 — Radar fix. 


secting them at an angle approaching 90°, may provide a 
fix of high accuracy (see figure 98). The near tangency 
of the two range arcs indicates accurate measurements 
and good reliability of the fix with respect to the 
distance off the land to port and starboard. 

9-14. Small, isolated, radar-conspicuous fixed objects 
afford the most reliable and accurate means for radar 
fixing when they are so situated that their associated 
range arcs intersect at angles approaching 90°. 

9-15. Figure 99 illustrates a fix obtained by measuring 
the ranges to three radar-conspicuous objects well 
situated. The fix is based solely upon range measure¬ 


ments in that radar ranges are more accurate than radar 
bearings even when small objects are observed. Note that 
in this rather ideal situation, a point fix was not 
obtained. Because of inherent radar errors, any point fix 
should be treated as an accident dependent upon 
plotting errors, the scale of the chart, etc. 

9-16. While observed radar bearings were not used in 
establishing the fix as such, the bearings were useful in 
the identification of the radar-conspicuous objects. 

9-17. As the ship travels along its track, the three 
radar-conspicuous objects still afford good fixing capa¬ 
bility until such time as the angles of cut of the range 



Figure 99 — Fix by small, isolated radar-conspicuous objects. 

-Ill- 




arcs have degraded appreciably. At such time, other 
radar-conspicuous objects should be selected to provide 
better angles of cut. Preferably, the first new object 
should be selected and observed before the angles of cut 
have degraded appreciably. Incorporating the range arc 
of the new object with range arcs of objects which have 
provided reliable fixes affords more positive identifica¬ 
tion of the new object. 

9-18. MIXED METHODS 

9-19. While fixing by means of intersecting range arcs, 
the usual case is that two or more small, isolated, and 
conspicuous objects, which are well situated to provide 
good angles of cut, are not available. The navigator must 
exercise considerable skill in radarscope interpretation to 
estimate which charted features are actually displayed. If 
initially there are no well defined features displayed and 
there is considerable uncertainty as to the ship’s posi¬ 
tion, the navigator may observe the radar bearings of 
features tentatively identified as a step towards their 
more positive identification. If the cross-bearing fix does 
indicate that the features have been identified with some 
degree of accuracy, the estimate of the ship’s position 
obtained from the cross-bearing fix can be used as an aid 
in subsequent interpretation of the radar display. With 
better knowledge of the ship’s position, the factors 
affecting the distortion of the radar display can be used 
more intelligently in the course of more accurate 
interpretation of the radar display. 

9-20. Frequently there is at least one object available 
which, if correctly identified, can enable fixing by the 
range and bearing to a single object method. A fix so 
obtained can be used as an aid in radarscope interpreta¬ 
tion for fixing by two or more intersecting range arcs. 

9-21. The difficulties which may be encountered in 
radarscope interpretation during a transit may be so 
great that accurate fixing by means of range arcs is not 
obtainable. In such circumstances, range arcs having 
some degree of accuracy can be used to aid in the 
identification of objects used with the range and bearing 
method. 

9-22. With correct identification of the object ob¬ 
served, the accuracy of the fix obtained by the range and 
bearing to a single object method usually can be 
improved through the use of a visual gyro bearing 
instead of the radar bearing. Particularly during periods 
of low visibility, the navigator should be alert for the 
opportunity of taking visual bearings. 

9-23. While the best method or combination of 
methods for a particular situation must be left to the 
good judgment of the experienced navigator, factors 
affecting method selection include: 

(1) The general need for redundancy — but not 
to such extent that too much is attempted 


with too little aid or means in too little time. 

(2) The characteristics of the radar set. 

(3) Individual skills. 

(4) The navigational situation, including the 
shipping situation. 

(5) The difficulties associated with radarscope 
interpretation. 

(6) Angles of cut of the position lines. 

9-24. PRECONSTRUCTION OF RANGE ARCS 

9-25. Small, isolated radar-conspicuous objects permit 
preconstruction of range arcs on the chart to expedite 
radar fixing. This preconstruction is possible because the 
range can be measured to the same point on each object, 
or nearly so, as the aspect changes during the transit. 
With fixed radar targets of lesser conspicuity, the 
navigator, generally, must continually change the centers 
of the range arcs in accordance with his interpretation of 
the radarscope. 

9-26. To expedite plotting further, the navigator may 
also preconstruct a series of bearing lines to the 
radar-conspicuous objects. The degree of preconstruc¬ 
tion of range arcs and bearing lines is dependent upon 
acceptable chart clutter resulting from the arcs and lines 
added to the chart. Usually, preconstruction is limited to 
a critical part of a passage or to the approach to an 
anchorage. 

9-27. FINDING COURSE AND SPEED MADE GOOD 
BY PARALLEL-LINE CURSOR 

9-28. SITUATION: 

9-29. A ship steaming in fog detects a prominent rock 
by radar. Because of the unknown effects of current and 
other factors, the navigator is uncertain of the course 
and speed being made good. 

9-30. REQUIRED: 


9-31. To determine the course and speed being made 
good. 

9-32. SOLUTION: 

(1) Make a timed plot of the rock on the reflection 
plotter. 

(2) Align the parallel-line cursor with the plot to 
determine the course being made good, which is 
in a direction opposite to the relative move¬ 
ment (see figure 100). 

(3) Measure the distance between the first and last 
plots and using the time interval, determine the 
speed of relative movement. Since the rock is 
stationary, the relative speed is equal to that of 
the ship. 

Note: This basic technique is useful for determining whether the 
ship is being set off the intended track in pilot waters. Observing 
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Figure 100 — Use of parallel-line cursor to find course and speed made good. 


a radar-conspicuous object and using the parallel-line cursor, a 
line is drawn through the radar-conspicuous object in a direction 
opposite to own ship’s course. By observing the successive 
positions of the radar-conspicuous object relative to this line, the 
navigator can determine whether the ship is being set to the left 
or right of the intended track. 

9-33. USE OF PARALLEL-LINE CURSOR 
FOR ANCHORING 

9-34. SITUATION: 

9-35. A ship is making an approach to an anchorage on 
course 290°. The direction of the intended'track to the 
anchorage is 290°. Allowing for the radius of the letting 
go circle, the anchor will be let go when a radar-con¬ 
spicuous islet is 1.0 mile ahead of the ship on the 
intended track. A decision is made to use a parallel-line 
cursor technique to keep the shio on the intended track 
during the last mile of the approach to the anchorage 
and to determine the time for letting go. Before the 
latter decision was made, the navigator’s interpretation 
of the stabilized relative motion display revealed that, 
even with change in aspect, the radar image of a jetty to 
starboard could be used to keep the ship on the in¬ 
tended track. 

9-36. REQUIRED: 

9-37. Make the approach to the anchorage on the 


intended track and let the anchor go when the islet is 1.0 
mile ahead along the intended track. 

9-38. SOLUTION: 

(1) From the chart determine the distance at which 
the head of the jetty will be passed abeam when 
the ship is on course and on the intended track. 

(2) Align the parallel-line cursor with the direction 
of the intended track, 290° (see figure 101). 

(3) Using the parallel lines of the cursor as a guide, 
draw, at a distance from the center of the PPI 
as. determined in step (2), the relative move¬ 
ment line for the head of the jetty in a 
direction opposite to the direction of the 
intended track. 

(4) Make a mark at 290° and 1.0 mile from the 
center of the PPI; label this mark “LG” for 
letting go. 

(5) Make another mark at 290° and 1.0 mile 
beyond the LG mark; label this mark “1”. 

(6) Subdivide the radial between the marks made in 
steps (4) and (5). This subdivision may be 
limited to 0.1 mile increments from the LG 
mark to the 0.5 mile graduation. 

(7) If the ship is on the intended track, the RML 
should extend from the radar image of the head 
of the jetty. If the ship keeps on the intended 
track, the image of the jetty will move along 
the RML. If the ship deviates from the intended 
track, the image of the jetty will move away 
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Figure 101 — Use of parallel-line cursor for anchoring. 
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from the RML. Corrective action is taken to 
keep the image of the jetty on the RML. 

(8) With the ship being kept on the intended track 
by keeping the image of the jetty on the RML, 
the graduations of the radial in the direction of 
the intended track provide distances to go. 
When the mark labeled “1” just touches the 
leading edge of the pip of the islet ahead, there 
is one mile to go. When the mark labeled “.5” 
just touches the leading edge of the latter pip, 
there is 0.5 mile to go, etc. The anchor should 
be let go when the mark labeled “LG” just 
touches the leading edge of the pip of the islet. 

9-39. RADAR DETECTION OF ICE 

940. Radar can be an invaluable aid in the detection of 
ice if used wisely by the radar observer having knowl¬ 
edge of the characteristics of radar propagation and the 
capabilities of his radar set. The radar observer must 
have good appreciation of the fact that ice capable of 
causing damage to a ship may not be detected even when 
the observer is maintaining a continuous watch of the 
radarscope and is using operating controls expertly. 

9-41. When navigating in the vicinity of ice during low* 
visibility, a continuous watch of the radarscope is a 
necessity. For reasonably early warning of the presence 
of ice, range scale settings of about 6 or 12 miles are 
probably those most suitable. Such settings should 
provide ample time for evasive action after detection. 
Because any ice detected by radar may be lost subse¬ 
quently in sea clutter, it may be advisable to maintain a 
geographical plot. The latter plot can aid in differentiat¬ 
ing between ice aground or drifting and ship targets. If 
an ice contact is evaluated as an iceberg, it should be 
given a wide berth because of the probability of growlers 
in its vicinity. If ice contacts are evaluated as bergy bits 
or growlers, the radar observer should be alert for the 
presence of an iceberg. Because the smaller ice may have 
calved recently from an iceberg, the radar observer 
should maintain a particularly close watch to windward 
of the smaller ice. 

9-42. ICEBERGS 


9-43. While large icebergs may be detected initially at 
ranges of 15 to 20 miles in a calm sea, the strengths of 
echoes returned from icebergs are only about l/60th of 
the strengths of echoes which would be returned from a 
steel ship of equivalent size. 

9-44. Because of the shape of the iceberg, the strengths 
of echoes returned may have wide variation with change 
in aspect. Also, because of shape and aspect the iceberg 
may appear on the radarscope as separate echoes. 
Tabular icebergs, having flat tops and nearly vertical 
sides which may rise as much as 100 feet above the sea 
surface, are comparatively good radar targets. 

9-45. Generally, icebergs will be detected at ranges not 
less than 3 miles because of irregularities in the sloping 
faces. 

9-46. BERGY BITS 


9-47. Bergy bits, extending at most about 15 feet above 
the sea surface, usually cannot be detected by radar at 
ranges greater than 3 miles. However, they may be 
detected at ranges as great as 6 miles. Because their 
echoes are generally weak and may be lost in sea clutter, 
bergy bits weighing several hundred or a few thousand 
tons can impose considerable hazard to a ship. 

9-48. GROWLERS 

9-49. Growlers, extending at most about 6 feet above 
the sea surface, are extremely poor radar targets. Being 
smooth and round because of wave action as well as 
small, growlers are recognized as the most dangerous 
type of ice that can be encountered. 

9-50. In a rough sea and with sea clutter extending 
beyond one mile, growlers large enough to cause damage 
to a ship may not be detected by radar. Even with 
expert use of receiver gain, pulse length, and anti-clutter 
controls, dangerous growlers in waves over 4 feet in 
height may not be detected. 

9-51. In a calm sea growlers are not likely to be 
detected at a range exceeding 2 miles. 
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GLOSSARY 


(The following terms are defined specifically for marine radar applications) 


AFC. Automatic frequency control. 

Aerial. Antenna. 

Afterglow. The slowly decaying luminescence of the 
screen of the cathode-ray tube after excitation by an 
electron beam has ceased. See PERSISTENCE. 

Amplify. To increase the strength of a radar signal or 
echo. 

Antenna. A conductor or system of conductors consist¬ 
ing of hom and reflector used for radiating or 
receiving radar waves. Also called AERIAL. 

Anti-clutter Control. A means for reducing or eliminating 
interferences from sea return and weather. 

Attenuation. The decrease in the strength of a radar wave 
resulting from absorption, scattering, and reflection 
by the medium through which it passes (waveguide, 
atmosphere) and by obstructions in its path. Also 
attenuation of the wave may be the result of artificial 
means, such as the inclusion of an attenuator in the 
circuitry or by placing an absorbing device in the path 
of the wave. 

Automatic Frequency Control (AFC). An electronic 
means for preventing drift in radio frequency or 
maintaining the frequency within specified limits. 
The AFC maintains the local oscillator of the radar 
on the frequency necessary to obtain a constant or 
near constant difference in the frequency of the radar 
echo (magnetron frequency) and the local oscillator 
frequency. 

Azimuth. While this term is frequently used for bearing 
in radar applications, the term azimuth is usually 
restricted to the direction of celestial bodies among 
marine navigators. 

Azimuth-stabilized PPI. See STABILIZED PPI. 

Beam Width. The angular width of a radar beam between 
half-power points. See LOBE. 

Bearing. The direction of the line of sight from the radar 
antenna to the contact. Sometimes called AZIMUTH 
although in marine usage the latter term is usually 
restricted to the directions of celestial bodies. 

Bearing Cursor. The radial line inscribed on a transparent 
disk which can be rotated manually about an axis 
coincident with the center of the PPI. It is used for 
bearing determination. Other lines inscribed parallel 
to the radial line have many useful purposes in radar 
plotting. 

Blind Sector. A sector on the radarscope in which radar 
echoes cannot be received because of an obstruction 
near the antenna. See SHADOW SECTOR. 

Cathode-ray Tube (CRT). The radarscope (picture tube) 
within which a stream of electrons is directed against 
a fluorescent screen (PPI). On the face of the tube or 
screen (PPI), light is emitted at points where the 
electrons strike. 

Challenger. See INTERROGATOR. 

Clutter. Unwanted radar echoes reflected from heavy 


rain, snow, waves, etc., which may obscure relatively 
large areas on the radarscope. 

Contact. Any echo detected on the radarscope not 
evaluated as clutter or as a false echo. 

Contrast. The difference in intensity of illumination of 
the radarscope between radar images and the back¬ 
ground of the screen. 

Corner Reflector. See RADAR REFLECTOR. 

Cross-band Racon. A racon which transmits at a fre¬ 
quency not within the marine radar frequency band. 
To be able to use this type of racon, the ship’s radar 
receiver must be capable of being tuned to the 
frequency of the cross-band racon or special acces¬ 
sory equipment is required. In either case, the 
radarscope will be blank except for the racon signal. 
See IN-BAND RACON. 

Crystal. A crystalline substance which allows electric 
current to pass in only one direction. 

CRT. Cathode-ray tube. 

Definition. The clarity and fidelity of the detail of radar 
images on the radarscope. A combination of good 
resolution and focus adjustment is required for good 
definition. 

Double Stabilization. The stabilization of a Heading- 
Upward PPI display to North. The cathode-ray tube 
with the PPI display stabilized to North is rotated to 
keep ship’s heading upward. 

Duct A layer within the atmosphere where refraction 
and reflection results in the trapping of radar waves, 
and consequently their propagation over abnormally 
long distances. Ducts are associated with temperature 
inversions in the atmosphere. 

Echo. The radar signal reflected back to the antenna by 
an object; the image of the reflected signal on the 
radarscope. Also called RETURN. 

Echo Box. A cavity, resonant at the transmitted fre¬ 
quency, which produces an artificial radar target 
signal for tuning or testing the overall performance of 
a radar set. The oscillations developed in the resonant 
cavity will be greater at higher power outputs of the 
transmitter. 

Echo Box Performance Monitor. An accessory which is 
used for tuning the radar receiver and checking 
overall performance by visual inspection. An artificial 
echo as received from the echo box will appear as a 
narrow plume from the center of the PPI. The length 
of this plume as compared with its length when the 
radar is known to be operating at a high performance 
level is indicative of the current performance level. 

Face. The viewing surface (PPI) of a cathode-ray tube. 
The inner surface of the face is coated with a 
fluorescent layer which emits light under the impact 
of a stream of electrons. Also called SCREEN. 

Fast Time Constant (FTC) circuit. An electronic circuit 
designed to reduce the undesirable effects of clutter. 
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Sweep. As determined by the time base or range 
calibration, the radial movement of the stream of 
electrons impinging on the face of the cathode-ray 
tube. The origin of the sweep is the center of the face 
of the cathode-ray tube or PPI. Because of the very 
high speed of movement of the point of impinge¬ 
ment, the successive points of impingement appear as 
a continuously luminous line. The line rotates in 
synchronism with the radar antenna. If an echo is 
received during the time of radial travel of the 
electron stream from the center to the outer edge of 
the face of the tube, the sweep will be increased in 
brightness at the point of travel of the electron 
stream corresponding to the range of the contact 
from which the echo is received. Since the sweep 
rotates in synchronism with the radar antenna, this 
increased brightness will occur on the bearing from 
which the echo is received. With this increased 
brightness and the persistence of the tube face, paint 
corresponding to the object being “illuminated” by 
the radar beam appears on the PPL 

Swept Gain Control. Sensitivity time control. 

Trace. The luminous line resulting from the movement of 
the points of impingement of the electron stream on 
the face of the cathode-ray tube. See SWEEP. 

Transponder. A transmitter-receiver capable of accepting 
the challenge (radar signal) of an interrogator and 
automatically transmitting an appropriate reply. See 
RACON. 

Transponder beacon. A beacon having a transponder. 
Also called RESPONDER BEACON. 

Trigger.A sharp voltage pulse usually of from 0.1 to 0.4 
micro-seconds duration, which is applied to the 
modulator tubes to fire the transmitter, and which is 


applied simultaneously to the sweep generator to 
start the electron beam moving radially from the 
sweep origin to the edge of the face of the cathode- 
ray tube. 

True Motion Display. A type of radarscope display in 
which own ship and other moving contacts move on 
the PPI in accordance with their true courses and 
speed. This display is similar to a navigational 
(geographical) plot. See RELATIVE MOTION 
DISPLAY. 

Unstabilized Display (Heading-Upward). A PPI display in 
which the orientation of the relative motion presenta¬ 
tion is set to ship’s heading and, thus, changes with 
changes in ship’s heading. In this Heading-Upward 
display, radar echoes are shown at their relative 
bearings. A true bearing dial which is continuously set 
to ship’s course at the 000° relative bearing is 
normally used with this display for determining true 
bearings. This true bearing dial may be either manual¬ 
ly or automatically set to ship’s course. When set 
automatically by a course input from the gyrocom¬ 
pass, the true bearing dial is dometimes called a 
STABILIZED AZIMUTH SCALE. The latter term 
which appears in manufacturer’s instruction books 
and operating manuals is more in conformity with air 
navigation rather than marine navigation usage. See 
DOUBLE STABILIZATION. 

Variable Range Marker. Aluminous range circle or ring on 
the PPI, the radius of which is continuously adjust¬ 
able. The range setting of this marker is read on the 
range counter of the radar indicator. 

VRM. Variable range marker. 

XMTR. Short for TRANSMITTER. 
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GLOSSARY 


(The following terms are defined specifically for marine radar applications) 


AFC. Automatic frequency control. 

Aerial. Antenna. 

Afterglow. The slowly decaying luminescence of the 
screen of the cathode-ray tube after excitation by an 
electron beam has ceased. See PERSISTENCE. 

Amplify. To increase the strength of a radar signal or 
echo. 

Antenna. A conductor or system of conductors consist¬ 
ing of hom and reflector used for radiating or 
receiving radar waves. Also called AERIAL. 

Anti-clutter Control. A means for reducing or eliminating 
interferences from sea return and weather. 

Attenuation. The decrease in the strength of a radar wave 
resulting from absorption, scattering, and reflection 
by the medium through which it passes (waveguide, 
atmosphere) and by obstructions in its path. Also 
attenuation of the wave may be the result of artificial 
means, such as the inclusion of an attenuator in the 
circuitry or by placing an absorbing device in the path 
of the wave. 

Automatic Frequency Control (AFC). An electronic 
means for preventing drift in radiofrequency or 
maintaining the frequency within specified limits. 
The AFC maintains the local oscillator of the radar 
on the frequency necessary to obtain a constant or 
near constant difference in the frequency of the radar 
echo (magnetron frequency) and the local oscillator 
frequency. 

Azimuth. While this term is frequently used for bearing 
in radar applications, the term azimuth is usually 
restricted to the direction of celestial bodies among 
marine navigators. 

Azimuth-stabilized PPI. See STABILIZED PPI. 

Beam Width. The angular width of a radar beam between 
half-power points. See LOBE. 

Bearing. The direction of the line of sight from the radar 
antenna to the contact. Sometimes called AZIMUTH 
although in marine usage the latter term is usually 
restricted to the directions of celestial bodies. 

Bearing Cursor. The radial line inscribed on a transparent 
disk which can be rotated manually about an axis 
coincident with the center of the PPL It is used for 
bearing determination. Other lines inscribed parallel 
to the radial line have many useful purposes in radar 
plotting. 

Blind Sector. A sector on the radarscope in which radar 
echoes cannot be received because of an obstruction 
near the antenna. See SHADOW SECTOR. 

Cathode-ray Tube (CRT). The radarscope (picture tube) 
within which a stream of electrons is directed against 
a fluorescent screen (PPI). On the face of the tube or 
screen (PPI), light is emitted at points where the 
electrons strike. 

Challenger. See INTERROGATOR. 

Clutter. Unwanted radar echoes reflected from heavy 


rain, snow, waves, etc., which may obscure relatively 
large areas on the radarscope. 

Contact. Any echo detected on the radarscope not 
evaluated as clutter or as a false echo. 

Contrast. The difference in intensity of illumination of 
the radarscope between radar images and the back¬ 
ground of the screen. 

Corner Reflector. See RADAR REFLECTOR. 

Cross-band Racon. A racon which transmits at a fre¬ 
quency not within the marine radar frequency band. 
To be able to use this type of racon, the ship’s radar 
receiver must be capable of being tuned to the 
frequency of the cross-band racon or special acces¬ 
sory equipment is required. In either case, the 
radarscope will be blank except for the racon signal. 
See IN-BAND RACON. 

Crystal. A crystalline substance which allows electric 
current to pass in only one direction. 

CRT. Cathode-ray tube. 

Definition. The clarity and fidelity of the detail of radar 
images on the radarscope. A combination of good 
resolution and focus adjustment is required for good 
definition. 

Double Stabilization. The stabilization of a Heading- 
Upward PPI display to North. The cathode-ray tube 
with the PPI display stabilized to North is rotated to 
keep ship’s heading upward. 

Duct A layer within the atmosphere where refraction 
and reflection results in the trapping of radar waves, 
and consequently their propagation over abnormally 
long distances. Ducts are associated with temperature 
inversions in the atmosphere. 

Echo. The radar signal reflected back to the antenna by 
an object; the image of the reflected signal on the 
radarscope. Also called RETURN. 

Echo Box. A cavity, resonant at the transmitted fre¬ 
quency, which produces an artificial radar target 
signal for tuning or testing the overall performance of 
a radar set. The oscillations developed in the resonant 
cavity will be greater at higher power outputs of the 
transmitter. 

Echo Box Performance Monitor. An accessory which is 
used for tuning the radar receiver and checking 
overall performance by visual inspection. An artificial 
echo as received from the echo box will appear as a 
narrow plume from the center of the PPL The length 
of this plume as compared with its length when the 
radar is known to be operating at a high performance 
level is indicative of the current performance level. 

Face. The viewing surface (PPI) of a cathode-ray tube. 
The inner surface of the face is coated with a 
fluorescent layer which emits light under the impact 
of a stream of electrons. Also called SCREEN. 

Fast Time Constant (FTC) circuit. An electronic circuit 
designed to reduce the undesirable effects of clutter. 
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With the FTC circuit in operation, only the nearer 
edge of an echo having a long time duration is 
displayed on the radarscope. The use of this circuit 
tends to reduce saturation of the scope which could 
be caused by clutter. 

Fluorescence. Emission of light or other radiant energy as 
a result of and only during absorption of radiation 
from some other source. An example is the glowing 
of the screen of a cathode-ray tube during bombard¬ 
ment by a stream of electrons. The continued 
emission of light after absorption of radiation is 
called PHOSPHORESCENCE. 

FTC. Fast time constant. 

Gain (RCVR) Control. A control used to increase or 
decrease the sensitivity of the receiver (RCVR). This 
control, analogous to the volume control of a 
broadcast receiver, regulates the intensity of the 
echoes displayed on the radarscope. 

Heading Flash. An illuminated radial line on the PPI for 
indicating own ship’s heading on the bearing dial. 
Also called HEADING MARKER. 

Heading-Upward Display. See UNSTABILIZED 
DISPLAY. 

In-band Racon. A racon which transmits in the marine 
radar frequency band, e.g., the 3-centimeter band. 
The transmitter sweeps through a range of fre¬ 
quencies within the band to insure that a radar 
receiver tuned to a particular frequency within the 
band will be able to detect the signal. See CROSS¬ 
BAND RACON. 

Intensity Control. A control for regulating the intensity 
of background illumination on the radarscope. Also 
called BRILLIANCE CONTROL. 

Interference. Unwanted and confusing signals or patterns 
produced on the radarscope by another radar or 
transmitter on the same frequency, and more rarely, 
by the effects of nearby electrical equipment or 
machinery, or by atmospheric phenomena. 

Interrogator. A radar transmitter which sends out a pulse 
that triggers a transponder. An interrogator is usually 
combined in a single unit with a responsor, which 
receives the reply from a transponder and produces 
an output suitable for feeding a display system; the 
combined unit is called an INTERROGATOR- 
RESPONSOR. 

kilohertz (kHz). A frequency of one thousand cycles per 
second. See MEGAHERTZ. 

lobe. Of the three-dimensional radiation pattern trans¬ 
mitted by a directional antenna, one of the portions 
within which the Field strength or power is every¬ 
where greater than a selected value. The half-power 
level is used frequently as this reference value. The 
direction of the axis of the major lobe of the 
radiation pattern is the direction of maximum radia¬ 
tion. See SIDE LOBES. 

Megacycle per second (Me). A frequency of one million 
cycles per second. The equivalent term MEGA¬ 
HERTZ (MHz) is now coming into more frequent 
use. 


Megahertz. A frequency of one million cycles per 
second. See KILOHERTZ. 

Microsecond. One millionth of one second. 

Microwaves. Commonly, very short radio waves having 
wave-lengths of 1 millimeter to 30 centimeters. While 
the limits of the microwave region are not clearly 
defined, they are generally considered to be the 
region in which radar operates. 

Minor Lobes. Side Lobes. 

North-upward Display. See STABILIZED DISPLAY. 

Paint. The bright area on the PPI resulting from the 
brightening of the sweep by the echoes. Also, the act 
of forming the bright area on the PPI by the sweep. 

Persistence. A measure of the time of decay of the 
luminescence of the face of the cathode-ray tube 
after excitation by the stream of electrons has ceased. 
Relatively slow decay is indicative of high persistence. 
Persistence is the length of time during which 
phosphorescence takes place. 

Phosphorescence. Emission of light without sensible 
heat, particularly as a result of but continuing after 
absorption of radiation from some other source. An 
example is the glowing of the screen of a cathode-ray 
tube after the beam of electrons has moved to 
another part of the screen. It is this property that 
results in the chartlike picture which gives the PPI its 
principal value. PERSISTENCE is the length of time 
during which phosphorescence takes place. The emis¬ 
sion of light or other radiant energy as a result of and 
only during absorption of radiation from some other 
source is called FLUORESCENCE. 

Han Position Indicator (PPI). The face or screen of a 
cathode-ray tube on which radar images appear in 
correct relation to each other, so that the scope face 
presents a chartlike representation of the area about 
the antenna, the direction of a contact or target being 
represented by the direction of its echo from the 
center and its range by its distance from the center. 

Hotting Head. Reflection plotter. 

Polarization. The orientation in space of the electrical 
axis of a radar wave. This electrical axis which is at 
right angles to the magnetic axis, may be either 
horizontal, vertical, or circular. With circular polariza¬ 
tion, the axes rotate, resulting in a spiral transmission 
of the radar wave. Circular polarization is used for 
reducing rain clutter. 

PPI repeater. Radar repeater. 

Huse. An extremely short burse of radar wave transmis¬ 
sion followed by a relatively long period of no 
transmission. 

Pulse Duration. Pulse Length. 

Pulse Length. The time duration, measured in micro¬ 
seconds, of a single radar pulse. Also called PULSE 
DURATION. 

Pulse Recurrence Rate (PRR). Pulse repetition rate. 

Pulse Repetition Rate (PRR). The number of pulses 
transmitted per second. 

Racon.A radar beacon which, when triggered by a ship’s 
radar signal, transmits a reply which provides the 
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range and bearing to the beacon on the PPI display of 
the ship. The reply may be coded for identification 
purposes; in which case, it will consist of a series of 
concentric arcs on the PPI. The range is the measure¬ 
ment on the PPI to the arc nearest its center; the 
bearing is the middle of the racon arcs. If the reply is 
not coded, the racon signal will appear as a radial line 
extending from just beyond the point where the echo 
would be painted if detected. See IN-BAND RACON, 
CROSS-BAND RACON, RAMARK. 

Radar Indicator. A unit of a radar set which provides a 
visual indication of radar echoes received, using a 
cathode-ray tube for such indication. Besides the 
cathode-ray tube, the radar indicator is comprised of 
sweep and calibration circuits, and associated power 
supplies. 

Radar Receiver.A unit of a radar set which demodulates 
received radar echoes, amplifies the echoes, and 
delivers them to the radar indicator. The radar 
receiver differs from the usual superheterodyne com¬ 
munications receiver in that its sensitivity is much 
greater; it has a better signal to noise ratio, and it is 
designed to pass a pulse type signal. 

Radar Reflector. A metal device designed for reflecting 
strong echoes of impinging radar signals towards their 
source. The corner reflector consists of three mutual¬ 
ly perpendicular metal plates. Comer reflectors are 
sometimes assembled in clusters to insure good echo 
returns from all directions. 

Radar Repeater. A unit which duplicates the PPI display 
at a location remote from the main radar indicator 
installation. Also called PPI REPEATER, REMOTE 
PPI. 

Radar Transmitter. A unit of a radar set in which the 
radio-frequency power is generated and the pulse is 
modulated. The modulator of the transmitter pro¬ 
vides the timing trigger for the radar indicator. 

Ramark. A radar beacon which continuously transmits a 
signal appearing as a radial line on the PPI, indicating 
the direction of the beacon from the ship. For 
identification purposes, the radial line may be formed 
by a series of dots or dashes. The radial line appears 
even if the beacon is outside the range for which the 
radar is set, as long as the radar receiver is within the 
power range of the beacon. Unlike the RACON, the 
ramark does not provide the range to the beacon. 

Range Markers. Equally spaced concentric rings of light 
on the PPI which permit the radar observer to 
determine the range to a contact in accordance with 
the range setting or the range of the outer rings. See 
VARIABLE RANGE MARKER. 

Range Selector. A control for selecting the range setting 
for the radar indicator. 

RCVR. Short for RECEIVER. 

Reflection Plotter. An attachment fitted to a PPI which 
provides a plotting surface permitting radar plotting 
without parallax errors. Any mark made on the 
plotting surface will be reflected on the radarscope 
directly below. Also called PLOTTING HEAD. 

Refraction. The bending of the radar beam in passing 


obliquely through regions of the atmosphere of 
different densities. 

Relative Motion Display. A type of radarscope display in 
which the position of own ship is normally fixed at 
the center of the PPI (some sets have off-center 
capability in relative mode of operation) and all 
detected objects or contacts move relative to own 
ship. 

Remote PPI. Radar repeater. 

Resolution. The degree of ability of a radar set to 
indicate separately the echoes of two contacts in 
range, bearing, and elevation. With respect to: 

range — The minimum range difference between 
separate contacts at the same bearing which will 
allow both to appear as separate, distinct 
echoes on the PPL 

bearing — The minimum angular separation be¬ 
tween two contacts at the same range which 
will allow both to appear as separate, distinct 
echoes on the PPL 

elevation — The minimum angular separation in a 
vertical plan between two contacts at the same 
range and bearing which will allow both to 
appear as separate, distinct echoes on the PPL 

Responder Beacon. Transponder beacon. 

Scan. To investigate an area or space by varying the 
direction of the radar antenna and thus the radar 
beam. Normally, scanning is done by continuous 
rotation of the antenna. 

Scanner. A unit of a radar set consisting of the antenna 
and drive assembly for rotating the antenna. 

Scope. Short for RADARSCOPE. 

Screen. The face of a cathode-ray tube on which radar 
images are displayed. 

Sea Return.Clutter on the radarscope which is the result 
of the radar signal being reflected from the sea, 
especially near the ship. 

Sensitivity Time Control (STC). An electronic circuit 
designed to reduce automatically the sensitivity of 
the receiver to nearby targets. Also called SWEPT 
GAIN CONTROL. 

Shadow Sector. A sector on the radarscope in which the 
appearance of radar echoes is improbable because of 
an obstruction near the antenna. While both blind 
and shadow sectors have the same basic cause, blind 
sectors generally occur at the larger angles subtended 
by the obstruction. See BLIND SECTOR. 

Side Lobes. Unwanted lobes of a radiation pattern, i.e., 
lobes other than major lobes. Also called MINOR 
LOBES. 

Stabilized Display (North-Upward). A PPI display in 
which the orientation of the relative motion presenta¬ 
tion is fixed to an unchanging reference (North). This 
display is North-Upward, normally. In an UN¬ 
STABILIZED DISPLAY, the orientation of the rela¬ 
tive motion presentation changes with changes in 
ship’s heading. See DOUBLE STABILIZATION. 

Stabilized PPI. See STABILIZED DISPLAY. 

STC. Sensitivity time control. 

Strobe. Variable range marker. 
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Sweep. As determined by the time base or range 
calibration, the radial movement of the stream of 
electrons impinging on the face of the cathode-ray 
tube. The origin of the sweep is the center of the face 
of the cathode-ray tube or PPI. Because of the very 
high speed of movement of the point of impinge¬ 
ment, the successive points of impingement appear as 
a continuously luminous line. The line rotates in 
synchronism with the radar antenna. If an echo is 
received during the time of radial travel of the 
electron stream from the center to the outer edge of 
the face of the tube, the sweep will be increased in 
brightness at the point of travel of the electron 
stream corresponding to the range of the contact 
from which the echo is received. Since the sweep 
rotates in synchronism with the radar antenna, this 
increased brightness will occur on the bearing from 
which the echo is received. With this increased 
brightness and the persistence of the tube face, paint 
corresponding to the object being “illuminated” by 
the radar beam appears on the PPI. 

Swept Gain Control. Sensitivity time control. 

Trace. The luminous line resulting from the movement of 
the points of impingement of the electron stream on 
the face of the cathode-ray tube. See SWEEP. 

Transponder. A transmitter-receiver capable of accepting 
the challenge (radar signal) of an interrogator and 
automatically transmitting an appropriate reply. See 
RACON. 

Transponder beacon. A beacon having a transponder. 
Also called RESPONDER BEACON. 

Trigger.A sharp voltage pulse usually of from 0.1 to 0.4 
micro-seconds duration, which is applied to the 
modulator tubes to fire the transmitter, and which is 


applied simultaneously to the sweep generator to 
start the electron beam moving radially from the 
sweep origin to the edge of the face of the cathode- 
ray tube. 

True Motion Display. A type of radarscope display in 
which own ship and other moving contacts move on 
the PPI in accordance with their true courses and 
speed. This display is similar to a navigational 
(geographical) plot. See RELATIVE MOTION 
DISPLAY. 

Unstabilized Display (Heading-Upward). A PPI display in 
which the orientation of the relative motion presenta¬ 
tion is set to ship’s heading and, thus, changes with 
changes in ship’s heading. In this Heading-Upward 
display, radar echoes are shown at their relative 
bearings. A true bearing dial which is continuously set 
to ship’s course at the 000° relative bearing is 
normally used with this display for determining true 
bearings. This true bearing dial may be either manual¬ 
ly or automatically set to ship’s course. When set 
automatically by a course input from the gyrocom¬ 
pass, the true bearing dial is dometimes called a 
STABILIZED AZIMUTH SCALE. The latter term 
which appears in manufacturer’s instruction books 
and operating manuals is more in conformity with air 
navigation rather than marine navigation usage. See 
DOUBLE STABILIZATION. 

Variable Range Marker. Aluminous range circle or ring on 
the PPI, the radius of which is continuously adjust¬ 
able. The range setting of this marker is read on the 
range counter of the radar indicator. 

VRM. Variable range marker. 

XMTR. Short for TRANSMITTER. 
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